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ABSTRACT 

This document is Vo1urr.e IIIof four vollmes of experimental 

data obtained on a wind tunnel test of a 1/4.62 Froude scale 

hingeless rotor tilt rotor model. The test generated para- 
. . 

metric data from hover, through transition and out to 300 

knots full scale speed in cruise, and was performed under 

NASA Contract NAS2-9015. 

This volume contains transition data files. 
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25 L e f t  Rotor Th rus t  C o e f f i c i e n t  Versus Angle o f  At tack.  
IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus Angl2 of At tack.  
IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 
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L e f t  Rotor Yawing Moment V e r s u s  Angle of  Attack.  
IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

Right  Rotor Thrus t  C o e f f i c i e n t  Versus Angle of 
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Right  Rotor Power C o e f f i c i e n t  Versus Angle of  
At tack.  IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

Right  Rotor Normal Force C o e f f i c i e n t  Versus Angle of 
At tack.  IN = 30' F u l l  S c a l e  Airspeed 100 Knots. 

Rigk':. Rotor P i t c h i n g  Moment Versus Angle of At tack.  
Ih = 30° F u l l  S c a l e  Airspeed 100 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus Angle of At tack.  
IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

A i r c r a f t  S ide  Force C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 30° F u l l  S c a l e  Ai r speed  100 Knots. 

AircAaf: Axia l  Force C o e f f i c i e n t  Versus Angle of  
A * t a c k .  IN = 30° F u l l  S c a l e  P-irspeed 100 Knots. 

A i r c r a f t  P i t c h i n g  Moment Versus Angle of Attack.  
IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

A i r c r a f t  Yawing 310rnent Versus Angle of Attack.  
IN = 3 i 0  F u l l  S c a l e  Airspeed 100 Knots. 
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A l t .  L e f t  Chord Bending Versus Rotor Angle of  
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A l e .  L e f t  Flap Bending Versus Rotor Angle of 
Attack,  IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

A l t .  L e f t  P i t c h  Link Load Versus Rotor Angle of  
Attack. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

A l t .  Right Chord Bending Versus Rotor Angle of  
Attack. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

A l t .  Right  F lap  Bending Versus Rotor Angle of  
Attack. RJ = 30° F u l l  Sca l e  Airspeed 100 Knots. 

A l t .  Right P i t c h  Link Load Versus Rotor Angle o f  
Attack. IN = 30° F u l l  Sca l e  Airspeed 100 K ~ o t s .  

L e f t  Rotor Thrus t  C o e f f i c i e n t  Versus Yaw Angle 'L 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 
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L e f t  Rotor Power C o e f f i c i e n t  Versus Yaw Angle % 

Degrees. IN = 30° F u l l  S c a l e  Airspeed 100 Knots. 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus Yaw 
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
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L e f t  Rotor S i d e  Force C o e f f i c i e n t  Versus Yaw Angle 
% Degrees. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

L e f t  Rotor P i t c h i n g  Nornent Versus Yaw Angle 'L 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

L e f t  Rotor Yawing Moment Versus Yaw Angle % 
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Right Rotor Normal Force C o e f f i c i e n t  Versus Y a w  
Acgle n, Degrees. IN = 30" F u l l  Sca l e  Airspeed 
100 Knots. 
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9-033 Aircraft Lift Coefficient hrsus Yaw Angle I Degrees. 
IN = 30° Full Scale Airspeed 100 Knots. 
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9-038 Aircraft Rolling Moment Versus Yaw Angle % Degrees. 
IN = 30° Full Scale Airspeed 100 Knots. 

9-039 Alt. Left Chord Bending Versus Yaw Angle % Degrees. 
IN = 30° Full Scale Airspeed 100 Knots. 

9-040 Alt. Left Flap Bending Versus Yaw Angle Q Degrees. 
IN F 30° Full Scale Airspeed 100 Knots- 

9-041 Alt. Left Pitch Link Load Versus Yaw Angle % Degrees. 
IN = 30° Full Scale Airspeed 100 Knots. 

9-042 Alt. Right Chord Eending Versus Yaw Angle % Degrees. 
IN = 30° Full Scale Airspeed 100 Knots. 

9-04) Alt. Right Flap Bending Versus Yaw Angle Degrees. 
IN = 30' Full Scale Airspeed 100 Knots. 

9-044 Alt. Right Pitch Link Load Versus Yaw Angle % 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

9-045 Left Rotor Thrust Coefficient Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 100 
Knots. 
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Left Rotor Power Coefficient Versus Left Rotor Long. 
Cyclic Q Degrees. IN = 30° Full Scale Airspeed 100 
Knots. 

Left Rotor'Normal Force Coefficient Versus Left 
Rotor Long. Cyclic % Degrees. IN = 30' Full Scale 
Airspeed 100 Knots. 

Left Rotor Side Force Coefficient Versus Left Rotor 
Long. Cyclic Q Degrees. 1~ = 30° Full Scale 
Airspeed 100 Knots. 

Left Rotor Pitching Noment Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Left Rotor Yawing Moment Versus Left Rotor Long. 
Cyclic Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Right Rotor Thrust Coeffizient Versus Right Rotor 
Long. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Right Rotor Power Coefficient Versus Right Rotor 
Long. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Right Rotor Normal Force Coefficient Versus Right 
'Rotor Long. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Right Rotor Pitching Moment Versus Right Rotor 
Long. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Aircraft Lift Coefficient Versus Left Rotor Long. 
Cyclic Q Degrees. IN = 30' Full Scale Airspeed 
100 Knots. 

Aircraft Side Force Coefficient Versus Left Rotor 
Long. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

xxv 



Figure 
Number 

9-057 
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9-063 

9-064 
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9-069 

Title - 
Aircraft Axial Force Coefficient Versus Left Rotor 
Long. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Aircraft Pitching Moment Coefficient Versus Left 
Rotor Long. Cyclic ?, Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Aircraft Yawing Moment Coefficient versus Left 
Rotor Long. Cyclic Q Degrees. IN = 30' Full Scale 
Airspeed 100 Knots. 

Aircraft Rolling Moment Coefficient Versus Left 
Rotor.Long. Cyclic Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Alt. Left Chord Bending Versus Left Rotor Long. 
Cyclic Q Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Left Flap Bending Versus Left Rotor Long. 
Cyclic Q Degrees. IN = 30° Full Scale Airspeed 
100 Knots. s 

Alt. Left Pitch Link Load Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Right Chord Bending Versus Right Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Right Flap Bending Versus Right Rotor Long. 
Cyclic a Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Right Pitch Link Load Versus Right Rotor Long. 
Cyclic a Degrees. IN = 30' Full Scale Airspeed 
100 Knots. 

Left Rotor Thrust Coefficient Versus Left Rotor 
Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Left Rotor Power Coefficient Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 
100 Knots. 

Left Rotor Normal Force Coefficient Versus Left 
Rotor Lat. Cyclic ?, Degrees. IN = 30° Full Scale 
~irspeed 100 Knots. 
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Figure  
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L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus L e f t  100 
Rotor Lat .  Cyc l ic  "a Degrees. IN = 30° , F u l l  S c a l e  c 
Airspeed 100 Snots.  * 
L e f t  Rotor P i t c h i n g  Moment C o e f f i c i e n t  V s u s  L e f t  
Rotor La t .  Cyc l i c  Q Degrees. IN = 30° a1 S c a l e  
Airspeed 100 Xnots . 
L e f t  Rotor Yawing Moment C o e f f i c i e n t  Versus L e f t  
Rotor Lat .  Cyc l i c  Q Degrees. IN = 30° F u l l  Sca1.e 
Airspeed 100 Knots. 

Right  Rotor Thrust  C o e f f i c i e n t  Versus Right Lat .  
Cyc l i c  Q Degrees. IN = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right Rotor 
Lat.  Cyc l i c  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 100 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus Right  
Rotor L a t .  Cyc l ic  % Degrees. IN = 30° F u l l  S c a l e  
Airspeed 100 Knots. 

Right  Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus 
Right  Rotor L a t .  Cyc l ic  Q Degrees. IN = 30° F u l l  
S c a l e  Airspeed 100 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  Rotor Lat .  
Cyc l i c  *g Degrtes. I x  = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

A i r c r a f t  Side  Force C o e f f i c i e n t  Versus L e f t  Rotor 
Lat .  Cyc l ic  Q Degrees. IN = 30° F u l l  S c a l e  Airspeed 
100 Knots. 

A i r c r a f t  Axial Force C o e f f i c i e n t  Versus L e f t  Rotor 111 
Lat.  Cyc l i c  Q Degrees. IN = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

A i r c r a f t  P i t ch ing  Morcent C o e f f i c i e n t  Versus L e f t  
Rotor Lat. Cyc l i c  Q Degrees. IN = F u l l  Sca l e  
Airspeed 100 Knots. 
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Figure 
Number 

9-081 

I 

Page 

113 

114 

Title - 
Aircraft Yawing Moment Coefficient Versus Left 
Rotor Lat. Cyclic'% Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Aircraft Rolling Moment C0effi:ient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Alt. Left Chord Bending Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Left Flap Bending Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale.Airspeed 
100 Knots. I 
Alt. Left Pitch Link Load Versus Left Rotor Lat. 
Cyclic 'b Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Right Chord Bending Versus Right Rotor Lat. 
Cyclic Q Degrees. IN = 30° Full Scale Airspeed 
100 Knots. . 
Alt. Right Flap Bending Versus Right ~ k o r  Lat. 
Cyclic % Degrees. IN = 30" Full Scale Airspeed 
iOO Knots. , 

Alt. Right Pitch Link Load Versus Right Rotor Lat. 
Cyclic 'b Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Left Rotor Thrust Coefficient Versus Left Rotor 
Collective % Degrees. 111 = 3lI0 Full Scale 
Airspeed 100 Knots. 

Left Rotor Power Coefficient Versu&&eft Rotor 
Collective % Degrees. IN = 30° P.u Scale 
Airspeed 100 Knots. 

Left Rotor Normal Force Coefficient Versus Left 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Left Rotos Side Force Coefficient Versus Left 
Rotor Collective % Degrees. IN = 30' Full Scale 
Airspeed 100 Knots. 

u 
Left Rotor Pitching Moment Coefficient Versus Left 
Rotor Collective % Degrees. IN = 306 Full Scale 
Airspeed 100 Knots. 
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9-094 L e f t  Rotor Yawing Moment C o e f f i c i e n t  Versus Le f t  126 
Rotor C o l l e c t i v e  % Degrees. IN - 30° F u l l  S c a l e  
Airspeed 100 Knots. 

9-095 Right ~ o t o r  Thrus t  Coef f  Fc ien t  Versus Right Rotor 
Collective % Degrees. IN = 30' F u l l  Sca l e  
Airspeed 100 Knots. 

9-0iq Right Rotor Power C o e f f i c i e n t  Versus Right Rotor 
C o l l e c t i v e  Q Degrees. IN = 30' F u l l  Sca l e  
Airspeed 100 Knots. 

9-097 Right Rotor Normal Force C o e f f i c i e n t  Versus Right 
Rotor Collective % DDsgrees. IN = 30° F u l l  Sca l e  
Airspeed 100 Knots. 

9 4 9 8  Right Rotor P i t c h i n g  Moment C o e f f i c i e n t  Versus 
Right Rotor C o l l e c t i v e  Q Degrees. IN = 30° F u l l  
Sca l e  Airspeed 100 Knots. 

9-099 A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  Rotor 
C o l l e c t i v e  % Degrees. IN = 30' F u l l  S c a l e  
Airspeed 100 Knots. , 

9-100 A i r c r a f t  S ide  Force C o e f f i c i e n t  Versus L e f t  Rotor 134 
Collective Q Degrees. IN = 30' F u l l  S c a l e  
Airspeed 100 Knots. 

9-101 A i r c r a f t  Axial  Force C o e f f i c i e n t  Versus L e f t  Rotor 135 
C o l l e c t i v e  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 100 Knots. 

9-102 A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus L e f t  136 
Rotor C-Alec t ive  % Degrees. IN = 30' F u l l  Sca l e  
Airspeed 100 Knots. 

9-103 A i r c r a f t  Yawing Monent C o e f f i c i e n t  Versus L e f a  
Rotor C o l l e c t i v e  % Gegrees. IN = 30' E u l l  S c a l e  
Airspeed 100 Knots. 
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3 Figure 
Number Title - Page 

Aircraft Rolling Moment Coefficient Versus Left 135 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 

Alt. Left Chord Bending Versus Left Rotor Collective 137 
% Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

A1 . Left Flap Bending Versus Left Rotor Collective 140 
'L Alegrees. IN_ = 30° Full Scale Airspeed 100 Knots. 

Alt. Left Pitch Link Load Versus Left Rotor 141 
Collective % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 

Alt. Right Chord Bending Versus Right Rotor 142 
Collective Q Degrees. IN - 30° Full Scale Airspeed 
100 Knots. 

14 3 Alt. Right Flap Bending Versus Right Rotor 
Collective % Degrees. IN = 30. Full Scale Airspeed 
lOU Knots. . 
Alt. Right Pitch Link Load Versus Right Rotor $44 
Collective % Degrees. IN - 30' Full Scale Airspeed 
100 Knots. 

Left Rotor Thrust Coefficient Versuo Left Flap 
Angle % Degrees. IN = 30. Full Scale Airspeed 
100 Knots. 

Left Rotor Power Coefficient Versus Left Angle % 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

Left Rotor Normal Force Coefficient Versus Left 
Flap Angle % Degrees. IN = 30- Full Scale Airspeed 
100 Knots. 

Left Rotor Side Force Coefficient Versus Left Flap 
Angle Degrees. IN = 30. Full Scale Airspeed 
100.Wnots. 

Left Rotor Pitching Kment Coefficient Versus Left 
Flap Angle % Degrees. IN = 30' Full Scale Airspeed 
100 Knots. 

Left R3tor Yawing Mocent Coefficient Versus Left 
Flap Angle % Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 
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Figure  
Number 

9-117 

9-118 

9-119 

9-120 

T i t l e  -- 
Right Rotor Thrust  C o e f f i c i e n t  Versus Right F lap  
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right Flap  
Angle % Degrees. IN = 30° F u l l  Sca l e  A i r s ~ e e d  
100 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus Riaht  
F lap  Angle % Degrees. IN = 30° F ~ 1 1  Sca l e  A i r -  
speed 100 Knots. 

Right Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus 
Right Flap Angle % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 100 Xnots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  F lap  Angle % 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 100 Knots. 

A i r c r a f t  S ide  Force C o e f f i c i e n t  Versus L e f t  F lap  
Angle I, Degrees. IN = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

A i r c r a f t  Axial Force C d e f f i c i e n t  Versus L e f t  Flap 
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
100 Knots. 

A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus L e f t  
Flap Angle % Degrees. IN = 30' F u l l  Scale Xir- 
speed 100 Knots. 

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  S l ap  
Angle % Degrees. IN = 30° F u l l  S c d e  Airspeed 100 
Knots. 

A i r c r a f t  R o l l i  Moment Coefficient Versus Le f t  
Flap Angle % D & ees .  IN = 3Q0 F u l l  Sca l e  A i r -  
speed 100 Knots. 

A l t .  L e f t  Chord Bending Versus Le f t  Flap ~ c j l e  % 

Degrees. IN = 30° F u l l  Sca l e  Airs~eed 100 Knots. 
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Figure 
Number 

9-128 

9- 129 

9-130 

9- 131 

9-132 

9-133 

9-134 

9-135 

9-136 

9- 137 

9-138 

9-139 

9-140 

9-141 

90'42 

Title 

Alt. Left Flap Bending Versus Left Flap Angle % 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Left Pitch Link Load Versus Left Flap Angle % 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Right Chord Bending Versus Right Flap Angle % 

Degrees. IN = 30' Fuli Scale Airspeed 100 Knots. 

Alt. Right Flap Bending Versus Rrght Flap Angle Q 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Right Pitch Link Load Versus.Right Flap Angle % 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 

Left Rotor Thrust Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Left Rotor Power Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Left Rotor Normal Force Coefficient Versus Rotor 
RPM. IN = 30° Full Scale ~irspeed 100 Knots. 

Left Rotor Side Force Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Left R o t a  Pitching Moment Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 100 Knots. 

Left Rotor Yawing Moment Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed.100 Knots. 

Right Rotor Thrust Coefficient Versus Rctor P9M. 
IN = 30° Full Scale Airspeed 100 Knots. 

Right Rotor Power Ccefficimt Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Right Rotor Nornal Force Coefficient Versus Rotor 
RPM. Ix = 30° F Q L  Scale Airspeed 100 Knots. 

Right Rotor Pitchifig Moment Coefficient Versas 
Rotor RPM.  IN = 30' Full Scale Airspeed 100 Knots. 
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179 
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181 

Figure 
Number Title 

Aircraft Lift coefficient Versus Rotor RPM. 
IN = 30° FQll Scale Airspeed 100 Knots. 

Aircraft Side Force Coefficient Versus-'Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Aircraft Axial Force Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Aircraft Pitching PIIoment Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 100 Knots. 

Aircraft Rolling Moment Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 100 Knots. 

Aircraft Yawing Moment Coefficient Versus Rotor 
RPM. IN = 30' Full Scase Airspeed 100 Knots. 

Alt. Left Chord 3ending Versus Rutor RPM. 
IN = 30° Full Scale Airspeed 100 Knots; 

Alt. :.eft Flap Bending Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Left Pitch Link Load Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Right Chord Bending Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 100 Knots. 

Alt. Right Flap Bending Versus Rotor RPM. 
IN = 30' Full Scale Airspeed 100 Knots. 

Alt. Right Flap Bending Versus Rotor RPM. 
IN = 30' Full Scale Airspeed 100 Knots. 



Figure  
Nmber 

10-001 

T i t l e  Page 

193 

194 

195 

196 

197 

198 

19 9 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

L e f t  Rotor Thrus t  C o e f f i c i e n t  Versus  Angle of 
Attack.  IN = 30' F u l l  Sca l e  A i r s ~ e e d  1 4 0  Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 3(P F u l l  Sca l e  Airspeed 140 Knots. 

L e f t  Rotor No-ma1 Force C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus Angle of  
Attack.  IN = 30' F u l l  Sca l e  Aimpeed 140 Knots. 

L e f t  Rotor P i t c h i n g  Moment Versus Angle of  Attack. 
IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

L e f t  Rotor Yawing Moment Versus Angle of Attack.  
IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor Thrus t  C o e f f i c i e n t  Versus Arlgle of 
Attack.  IN = 30' F u l l  Sca l e  Airspeed 1 4 0  h o t s .  

Right Rotor Power C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 30' F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor Korrnal Force C o e f f i c i e n t  Versus Angle 
of  Attack. IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor S ide  ~ b z c e  C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor P i t ch ing  Moment Versus Angle of Attack.  
IN = 30' F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor Yawing Moment Versus Angle of At.tack. 
IN = 30" F u l l  Sca l e  Airspeed 140 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus Angle of Attack.  
IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

A i r c r a f t  S ide  Force C o e f f i c i e n t  Versus Angle of  
Attack.  IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

A i r c r a f t  Axial  Force C o e f f i c i e n t  Versus Angle of 
Attack.  IN = 30' F211 Scz le  Airspeed 140 Knots. 

A i r c r a f t  P i t c h i n g  b imcnt  Verscs Angle of Attack.  
IN = 30° F u l l  Scale Airspeed 140 Knots. 

A i r c r a f t  Yzwing Mornsnt Versus Angle of Attack.  
IN = 30° F u l l  Sca l e  Airspecd 140 Knots. 
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Figure  
Number T i t l e  Page 

210 A i r c r a f t  Rol l ing  Moment Versus Angle of Attack.  
IN = 30° F u l l  Sca l e  Airspeed 1 4 0  Kncts. 

A l t .  L e f t  Chord Bending Versus Rotor Angle of  
Attack.  IN = 30' F u l l  S c a l e  Airspeed 1 4 0  Knots. 

A l t .  L e f t  F lap  Bending Versus Rotor Angle of 
Attack.  1;; = 30° F u l l  Sca l e  Airspeed 140 Knots. 

A l t .  L e f t  P i t c h  Link Load Versus Rotor Angle of  
Attack.  IN = 30° F u l l  Sca l e  Airspeed 110 Knots. 

A l t .  Right  Chord Bending Versus Rotor Angle of 
Attack.  IN = 30' F u l l  Sca l e  Airspeed 140 Knots. 

A l t .  Right  F l ap  Bending Versus Rotor Angle of 
Attack. IN = 30° F u l l  Sce l e  Airspeed 140 Knots. 

A l t .  Right  P i t c h  Link Load Versus Rotor Angle of 
Attack. IN = 30' F u l l  Sca l e  Airspeed 1 4 0  Knots. 

L e f t  Rotor Thrus t  C o e f f i c i e ~ t  Versus Yaw Angle % 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 1 4 0  Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus Yaw Angle Q 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 1 4 0  Knots. 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus Yaw 
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus Yaw 
Angle Q Degrees. IN = 30° F u l l  Sca l?  Airspeed 
1 4 0  Knots. 

L e f t  Rotor P i t ch ing  Moment Versus Y a w  Angle % 

Degrees. IN ='30° F u l l  Sca l e  Airspeed 1 4 0  Knots. 

L e f t  Rotor Yawing Moment Versus Yaw Angle % 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

Right Rotor Thrus t  C o e f f i c i e n t  Vorsus Yaw Angle Q 

Degrees. IN = 30' F u l l  Scale Airspeed 1 4 0  Knots. 

Right Rotor Power C o e f f i c i s n t  Versus Yaw Angle % 

Degrees. IN = 30' F u l l  Sca l e  Airspeed 140 Knots. 

Riqht Rotor Normal Force C o e f f i c i e n t  Versus Yaw 
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
1 4 0  Knots. 
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Number 
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226 Right Rotor Side Force Coeff ic ient  Versus Yaw Angle 
% Degrees. IN = 30° F u l l  Sca le  Airspeed 140 Knots. 

Risht  Rotor Pi tching Moment Versus Yaw Angle % 

Degrees. IN = 30° Fu l l  Scale  Airspeed 140 Knots. 

Right Rotor Yawing Moment Versus  Yaw Angle Q 

Degrees. IN = 30° F u l l  Scale  Airspeed 140 Knots. 

Ai rc ra f t  L i f t  Coeff ic ient  Versus Yaw Angle Q 

Degrees. IN = 30° F u l l  ka l e  Airspeed 140 Knots. 

A i r c r a f t  Side Force Coef f i c i en t  Versus Yaw Angle 
% Degrees. IN = 30° F u l l  Sca le  Airspce:3 140 Knots. 

A i r c r a f t  Axial Force Coeff ic ient  Versus Yaw Angle 
% Degrees. IN = 30° F u l l  Sca le  Airspeed 140 Knots. 

A i r c r a f t  P i tch ing  Moment Versus Yaw Angle Q 

Degrees. IN = 30° F u l l  Sca le  Airspeed 140 Knots. 

A i r c r a f t  Yawing Moment Versus Yaw Angle % Degrees. 
IN = 30' F u l l  Scale Airspeed 140 Knots. 

A i r c r a f t  Rolling Moment Versus Yaw Angle Q Degrees. 
IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Le f t  Chord Bending Versus Yaw Angle % Degrees. 
IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Le f t  Flap Bending Versus Yaw Angle % Degrees. 
IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Le f t  P i t c h  Link Load Versus Yaw Angle % 

Degrees. IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Right Chord Bending Versus Yaw Angle % 

Degrees. IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Right Flap Bending Versus Yaw Angle % Degrees. 
IN = 30° F u l l  Scale  Airspeed 140 Knots. 

A l t .  Right P i t c h  Link Load Versus Yaw Angle % 

Degrees. IN = 30' F u l l  Scale  Airspeed 140 Knots. 

Le f t  Rotor Thrust  Coeff ic ient  Versus Lef t  Rotor 
Long. Cyclic c Degrees. IN = 30' F u l l  Sca le  
Airspeed 140 Knots. 
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L e f t  Rotor Pcwer C o e f f i c i e n t  Versus Le f t  Eotor Long. 
Cyc l ic  % Degrees. IN = 30° F u l l  Sca l e  Airspeed 140 
Knots. 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyc l i c  Q Degrees. IN = 30° F u l l  
Sca l e  Airspeed 140 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus L e f t  Rotor 
Long. Cyc l ic  % De3rees. IN = 30° F u l l  S c a l e  A i r -  
speed 140 Knots. 

L e f t  Rotor P i t c h i n g  Moment Versus L e f t  Rotor Long. 
Cyc l i c  Degrees. IN = 30' F u l l  Sca l e  Airspeed 
140 Knots. 

L e f t  Rotor Yawing Moment Versus L e f t  Rotor Long. 
Cyc l i c  Q Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

Right Rotor Thrust  C o e f f i c i e n t  Versus Right Rotor 
Long. Cyc l ic  % Degrees. IF{ = 30° F u l l  Sca l e  A i r -  
speed 140 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right Rotor 
Long. Cyc l i c  % Degrees. IN = 30° F u l l  S c a l e  A i r -  
speed 140 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus Right 
Rotor Long. Cyc l ic  % Decrees. IN = 30' F u l l  S c a l e  
Airspeed 140 Knots. 

Right Rotor Side Force C o e f f i c i e n t  Versus Right 
Rotor Lokg. Cyc l ic  % Degrees. IN = 30° Fuil Sca le  
Airspeed 140 Knots. 

Right Rotor P i t c h i n g  Monent Versus Right W t c r  
Long. Cyc l ic  % Degrees. IN = 30' F u l l  ScaL? 
Airspeed 140 Knots. 

Right 2o tor  Yawing Moment Versus Right Rotcr Lcng. 
Cyc l i c  % Degrees. IN = 30° F u l l  Sca l e  Airsgeed 
140 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Varsus L e f t  Rotor Long. 
Cyc l ic  % Degrees. IN = 30' F u l l  S c a l e  Airspeed 
140 Knots.  
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Page 

254 

T i t l e  - 
A i r c r a f t  Side  Force C o e f f i c i e n t  V e r s u s  L e f t  Rotor 
Long. Cyc l ic  % Degrees. IN = 30° F u l l  Sca l e  A i r -  
speed 140 Knots. 

A i r c r a f t  Axial Force C o e f f i c i e n t  Versus L e f t  Rotor 
Long. Cyc l ic  s Degrees. IN = 30° F u l l  Sca l e  A i r -  
speed 140  Knots. 

A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyc l ic  s Degrees. IN = 30° F u l l  S c a l e  
Airspeed 140 Knots. 

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyc l ic  s Degrees. I N  = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

A i r c r a f t  Rol l ing  Moment C o e f f i c i e n t  Versus L e f t  
\?otor Long. Cyc l ic  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

A l t .  L e f t  Chord Bending Versus L e f t  Rotor Long. 
Cyc l ic  s Degrees. IN = 30° F u l l  Sca l e  Airspeed 
1 4 0  Knots. 

A l t .  L e f t  F lap  Bending Versus L e f t  Rotor Long. 
Cyc l i c  % Degrees. IN = 30' F u l l  Sca l e  Airspeed 
140 Knots. 

A l t .  L e f t  P i t c h  Link Load Versus L e f t  Rotor Long. 
Cyc l ic  s Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A l t .  Right Chord Bending Versus Right Rotor Long. 
Cyc l i c  % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A l t .  Right F lap  BenZing Versus Right Rotor Long. 
Cyc l ic  % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A l t .  Right P i t c h  Link Load Versus Right Rotor Long. 
Cyc l i c  s Degrees. IN = 30° F u l l  Sca l e  Alrspeed 
1 4 0  Knots. 

L e f t  Rotor Thrus t  Coec f i c i en t  Versus L e f t  Rotor 
Lat .  Cyc l ic  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 
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266 Lef t  Rctor Power Coef f i c i en t  Versus Lef t  Rotor Lat. 
Cycl ic  Q Degrees. IN = 30' F u l l  Scale  Airspeed 
140 Xnots. 

Le f t  Eotor Normal Force Coeff ic ient  Versus Lef t  
Rotor Lat. Cycl ic  % Degrees. IN = 30° F u l l  Scale  
Airsseed 140 Knots. 4 

Lef t  Rotor Side Force Coeff ic ient  Versus Lef t  Rotor 
Lat. Cyclic % Degrees. IN = 30° F u l l  Scale  A i r -  
speed 140 Knots. 

L e f t  Rotor P i tch ing  Moment Coef f i c i en t  Versus Lef t  
Rotor ~ b ~ .  Cyclic  Q Degrees. IN = 35' F u l l  Scale  
Airspeed 140 Knots. 

L e f t  Rotor Yawing Moment Coef f i c i en t  Versus Lef t  
Rotor Lat.  Cycl ic  % Degrees. IN = 30° F u l l  Scale  
Airspeed 140 Knots. 

Right Rotor Thrust  Coeff ic ient  Versus Right Rotor 
Lat. Cyclic % Degrees. IN = 30° Fu l l  Scale  A i r -  
speed 110 K n ~ t s .  

Right Rotor Power Coef f i c i en t  Versus Right Rotor 
Lat. Cyclic % Degrees. IN = 30° 9211 Scale  A i r -  
speed 140 Knots. @ 

Right Rotor Normal Force Coef f i c i en t  Versus Right 
Rotor Lat. Cycl ic  % Degrees. IN = 30' F u l l  Scale  
Airspeed 140 Knots. 

Right Rotor Side Force Coeff ic ient  Versus Right 
Rotor Lat. Cycl ic  % Degrees. IN = 30° F u l l  Scale 
Airspeed 140 Knots. 

Right Rotor P i tch ing  3:oment Coeff ic ient  Vorsus 
Right Rotor Lat. Cyclic % Degrees. IN = 30° F u l l  
Scale  Airspeed 1 4 0  Knots. 

Right Rotor Yawing Moment Coeff ic ient  Versus Right 
Rotor Lat. Cyclic % Degrees. IN = 30' F u l l  Scale 
Airspeed 140 Knots. 

A i r c r a f t  L i f t  Coeff ic ient  V e r s u s  Left  Rotor Lat. 
Cyclic % Degrees. IN = 30" F u l l  Scale  Airspeed 
1 4 0  Knots. 

Ai rc ra f t  Side Force Coeff ic ie3t  Versus Lef t  Rotor 
Lat.  Cyclic % Degrees. IN = 30° Fu l l  Scale  A i r -  
speed 140 Knots. 
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Aircraft Axial Force Coefficient Versus Left Rotor 
Lat. Cyclic % Degrees. IN = 30° Full Scale Air- 
speed 140 Knots. 

Aircraft Pitching Moment Coefficient Versus Left 
Rotor Lat. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 140 Knots. 

Aircraft Yawing Xoment Coefficient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 140 Knots. 

Aircraft Rolling Moment Coefficient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 140 Knots. 

Alt. Left Chord Bending Versus Left Rotor Lat. 
Cyclic Q Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Alt. Left Flap Bending Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30' Furl Scaie Airspeed 
140 Knots. 

Alt. Left Pitch Link Load Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 
140 Knots. 

Alt. Right Chord Eending Versus Right Rotor Lat. 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 
140 Knots. 

Alt. Right Flap Bending Versus Right Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Alt. Right Pitch Link Load Versus Right Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Left Rotor Thrust Coefficient Versus Left Rotor 
Collective % Degrees. IN = 33' Full Scale Air- 
speed 140 Knots. 

Left Rotor Power Coefficient lrers~?a Left Rotor 
Collective Q Degrees. IN = 30° Full Scale ~ i r -  
speed 140 Knots. 
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1 Figure  
Number 

I 
T i t l e  - 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus L e f t  
Rotor C o l l e c t i v e  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus L e f t  
Rotor C o l l e c t i v e  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

L e f t  Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus L e f t  
Rotor C o l l e c t i v e  % Degrees. fN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

L e f t  Rotor Yawing Moment C o e f f i c i e n t  Versus L e f t  
Rotor C o l l e c t i v e  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

Right Rotor Thrus t  C o e f f i c i e n t  Versus Right Rotor 
C o l l e c t i v e  % Degrees. IN = 30' F u l l  Sca l e  Airspeed 
140 Knots. 

Right  Rotor Power C o e f f i c i e n t  Versus Right Rotor 
C o l l e c t i v e  % Degrees. IN = 30' F u l l  Sca l e  Airspeed 
140 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus Right 
Rotor C o l l e c t i v e  % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 1 4 0  Knots. 

Right Rotor Side Force C o e f f i c i e n t  Versus Right  
Rotor C o l l e c t i v e  % Degrees. IN - 30° F u l l  Sca l e  
Airspeed 140 Knots. 

Right Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus 
Right Rotor C o l l e c t i v e  Q Degrees. Zx = 30° F u l l  
Sca l e  Airspeed 140 Knots. 

Right Rotor Yaving Xoment C c e f f i c i e z t  Versus Eigh t  
Rotor ColZective % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 140 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  Rotor 
Co1lectF1ie % Degrees. IN = 30° F u l l  Sca l e  A i r -  
speed 1,:0 Knots. 

Ai rc ra f :  Side Force C o e f f i c i e n t  Versus L e f t  Rotor 
C o l l e c t l - ~ a  % Degrees. IN = 30° F u l l  Sca l e  A i r -  
speed 1-49 Knots. 

r 
1 
1 

Page 

291 

292 

293 

-.. 
294 

295 

296 

293 

298 

299 

300 

301 

302 

XLI 



Figure 
Number Title - 

Aircraft Axial Force Coefficient Versus Left Rotor 
Collective Q Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Aircraft Pitching Moment Coefficient Versus Lef 
Rotor Collective Q Degrees. IN = 30° Full Scal 
Airspeed 140 Knots. 

a 
Aircraft Yawing Moment Coefficient Versus Left 
Rotor Collective Q Degrees. IN = 30. Full Scale 
Airspeed 140 Knots. 

Aircraft Rolling Moment Coefficient Versus Left 
Rotor Collective % Degrees. IN = 30' Full Scale 
Airspeed 140 Knots. 

Alt. Left Chord Bending Versus Left Rotor Collective 
% Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

Alt. Left Flap Bending Versus Left Rotor Collective 
% Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

Alt. Left Pitch Link Load Versus Left Rotor 
Collective % Degrees. IN = 30' Full Scale Airspeed 
140 Knots. 

Alt. Right Chord Bending Versus Right ~ o t o r  
Collective % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Alt. Right Flap Bending Versus Right Rotor 
Collective % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 

Alt. Right Pitch Link Load Versus Right Rotor 
Collective Q Degrees. Ix = 30° Full Scale Airspeed 
140 Knots. 

Left Rotor Tivust Coefficient Versus Left Flap Angle 
% Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

Left Rotor Power Coefficient Versus Left Angle 
Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

Left Rotor Normal Force Coefficient Vertus Left Flap 
Angle % Degrees. IN = 30' Full Scale Airspeed 140 
Knots. 
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Figure  
Number T i t l e  Page 

Lef t  Rotor Side Force C o e f f i c i e n t  Versus L e f t  F lap  316 
Angle IL Degrees. IN - 30° F u l l  Sca l e  Airspeed 140 
Knots. 

L e f t  Rotor P i t c h i n g  Moxent C o e f f i c i e n t  Versus L e f t  317 
F lap  Angle IL Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

L e f t  Rotor y&ing M ment C o e f f i c i e n t  Versus ~ e f e  
F l ap  Angle % Degree . *I$'$ 30° F u l l  Sca l e  Airspeed 
140 Knots. 

8 
Right Rotor Thrus t  C o e f f i c i e n t  Versus Right F lap  
Angle % Degrees. IN = 30°  F u l l  Sca l e  Airspeed 
140 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right Flap 320 
Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

Right Rotor Ncnnal Force C o e f f i c i e n t  Versus 4 i g h t  * 321 
F lap  Angle IL Degrees. fN = 30. F u l l  Sca l e  A i r -  
speed 140 Knots. 

Right Rotor S ide  Force C o e f f i c i e n t  Versus Right F lap  322 
Ang1.e % Degrees. IN = 30° F u l l  Sca l e  Airspeed 140 
Kne ts. 

F ~ g h t  Rotor P i t c h i n g  Moment C o e f f i c i e n t  Versus Right 323 
Flap Angle % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

Right Rotor Yawing Noment C o e f f i c i e n t  Versus Right 324 
F lap  h g l e  % Degrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  F lap  P-ngle ru 325 
Degrees. IN = 30° F u l l  Sca l e  Airspeed 140 Knots. 

A i r c r a f t  Side Force C o e f f i c i e n t  Versus L e f t  F l ap  326 
Angle 2. Cegrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A i r c r a f t  ?.xFal Force C o e f f i c i e n t  Versus L e f t  F lap  327 
Angle % Decrees. IN = 30° F u l l  Sca l e  Airspeed 
140 Knots. 

A i r c r a f t  P i k h i n g  Xcnent C o e f f i c i e n t  Versus L e f t  328 
F lap  Anglg OJ 3eqrees. IN = 30' F u l l  Sca l e  A i r -  
speed 14C Xnsts. 

XLIII 



Figure 
Number 

10-137 

10-138 

10-139 

10-140 

10-141 

10-142 

Title - 
Aircraft Yat:ing b:oment Coefficient Versus Left Flap 
Angle s Degrees. IN = 30. Full Scale Airspeed 140 
Knots. o 

Aircraft Rolling Xornent Coefficient Versus Left 
Flap Angle pd DegrEes. IN = 30° Full Scale Airspeed 
140 Knots. * 

Alt. Left Chard Bending Versus Left Flap Angle z 
Degrees. IN = 30' Full Scale Airspeed 140 Knots. 

Alt. Left Flap Bending Versus Left Flap Angle Q 

Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

Alt. Left Pitch Link Load Versus Left Flap Angle 
z Degrees. IN - 30° Full Scale Airspeed 140 Knots. 
Alt. Right Chord Bending Versus Right Flap Angle 
z Degrees. IN = 30° Full Scale Airspeed 140 Knots. 

10-143 . A L L  Riaht Flap Bending Versus Right Flap Angle 
z Degrees. I ~ - =  30.  ill Scale ~irspeed- 140-~nots. 

Alt. Right Pitch Link Load Versus Right Flap Angle 
z Degrees. IN = 30. Full Scale Airspeed 140 Knots. 

  eft Rotor Thr~st coefficient Versus Rotor RPM. 
IN.= LO0 Full Scale Airspeed 140 Knots. 

Lzft Rotor Power Coefficient Versus Rotor RPM. 
IN - 30. Full Scale Airspeed 140 Knots. 

Left Rotor Normal Force Coefficient Versus Rotor 
RPM. IN - 30° Full Scale Airspeed 14C Knots. 
Left Rotor Side Force Coefficient Versus Rotor RPM. 

IN = 30° Full Scale Airspeed 140 Knots. 

%eft Rotor Pitching Moment Coefficient Versus 
Rotor RPM. IN = 30° Full Scale Airspeed 140 Knots. 

Left  Rotor Yawing blcment Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 140 Knots. 

Right Rotor Thrust Coefficient Versus Rotor RPM. 
IN = 30. Full Scale A'irspeed 140 Knots. 

Right Rotor Power Coefficient Versus Rotor RPM. 

IN - 30° Full Scale Airspeed 140 Knots. 
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3 52 

353 

354 

355 

3 5 6  

3 57 

356 

3 59 

360 

F i g u r e  
Number 

10-153 

10-154 

T i t l e  - 
R i g h t  3 o t o r  Normal F o r c e  C o e f f i c i e n t  Versus Rotor 
RPX. IN = 30° F u l l  S c a l e  Ai r speed  140 Knats .  

R i g h t  Rotor S i 6 e  F o r c e  C o e f f i c i e n t  Ver sus  Rotor 
RPM. IN = 3 Q 0  f'%U S c a l e  A i r s p e e d  140 Knots. 

R i g h t  Ro to r  P i t c h i n g  Xoment Coeff ic ier- t  Ver sus  
Rotor RPX. IN = 30° F u l l  S c a l e  Ai r speed  140 Knots .  

R i g h t  S o t o r  Y a v i ~ g  Moment C c e f f i c i e n t  Versus  Ro to r  
M .  IN = 30° F u l l  S c a l e  A i r s p e e d  140 Xnots.  

A i r c r a f t  L i f t  c o i f  f i z i e n t  Ver sus  Ro to r  R F M .  
IN = 30° F u l l  S c a l e  A i r s p e e d  140 Knots .  

A i r c r a f t  S i d e  rorce C o e f f i c i e n t  V e r x a  Rotor R P M .  
IN = 30' F u l l  S c a l e  A i r s p e e d  140 Knots.  

A i r c r a f t  A x i a l  F o r c e  C o e f f i c i e n t  Ver sus  Ro to r  RPM. 
IN = 30" F u l l  S c a l e  A i r s p e e d  140 Knots.  

A i r c r a f t  P i t c h i n g  Momect C o e f f i c i e n t  Ver sus  Rotor  
RPM. IN = 30° F u l l  S c a l e  Airsp.eed 140 Knots .  

A i r c r a f t  R o l l i n g  Xoment C o e f f i c i e n t  Versus Rotak 
R P M .  IN = 30° F u l l  S c a l e  A i r s p e e d  140 Knots.  

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Ver sus  Ro to r  
RPM. IN = 30° F u l l  S c a l e  A i r s p e e d  140 Knots .  

X l t .  L e f t  Chord Bending P e r s u s  Rotor RP!!. 
IN = 30° F u l l  S c a l e  A i r s p e e d  140 Knots .  

A l t .  L e f t  F l a p  Bending Versus  Rotor RPM. 
IN = 30° F u l l  S c a l e  Ai r speed  130 Knots .  

A l t .  L e f t  P i t c h  Link  Load Versus  Ro to r  RPM. 
ZN = 30° F u l l  S c a l e  Ai r speed  140 Knots .  

A l t .  R i g h t  Chord Bending Versus  Rotor  RPX. 
X N  3 30° F u l l  S c a l e  Ai r speed  140 Knots .  

A l t .  R i g h t  F l a p  Eending Versus  Rotor  RPM. 
IN = 30° F u l l  S c a ~ e  Ai r speed  110 Knots .  

A l t .  R i g h t  P i t c h  L ink  Lcad Versus  Rotor RPbl. 
IN = 30' F u l l  Scale A i r s p e e d  140 Knots .  



t 
I 

i 
I 

Figure 
Number 

11-001 

11-002 

11-003 

11-004 

11-005 

11-006 

11-007 

11-008 

11-009 

11-010 

11-011 

11-012 

11-013 

11-014 

11-015 

11-016 

11-017 

Title - 
Left Rotor Thrust Coefficient Versus Angle of 
Attack. IN = 3 8  Full Scale Airspeed 180 ~nofs. 

Left Rotor Power Coefficient Versus Angle of 
Attdck. IN = 30'Full Scale Airspeed 180 Knots. 

Left Rotor Normal Force Coefficient Versus Angle 
of Attack. IN = 30'Full Scale Airspeed 180 Knots. 

Left Rotor Side Force Coefficient Versus Angle 
of Attack. IN = 30°Full Scale Airspeed 180 Knots. 

Left Rotor Pitching Moment Versus Angle of 
Attack. IN = 30°Full Scale Airspeed 180 Knots. 

Left Rotor Yawing Moment Versus Angle of Attack. 
IN = 30°Full Scale Airspeed 180 Knots. 

Right Rotor Thrust Coefficient Versus Angle of 
Attack. IN = 30'~ull Scale Airspeed 180 Knots. 

Right Rotor Power Coefficient Versus Angle of 
Attack. IN = 30°Full Scale Airspeed 180 Knots. 

Right Rotor Normal Force Coefficient Versus 
Angle of Attack. IN = 3 0 ~ ~ ~ 1 1  Scale Airspeed 
180 Knots. 

Right Rotor Side Force Coefficient Versus Angle 
of Attack. IN = 30°Full Scale Airspeed 180 Knots. 

Right Rotor Pitching Moment Versus Angle of 
Attack. IN = 3 0 ~ ~ ~ 1 1  Scale Airspeed 180 Knots. 

Right Rotor Yawing Moment Versus Angle of Attack. 
IN = 30°Full Scale Airspeed 180 Knots. 

Aircraft Lift Coefficient Versus Angle of Attack. 
IN = 3 0 ~ ~ ~ 1 1  Scale Airspeed 180 Knots. 

Aircraft Side Force Coefficient Versus Angle of 
Attack. IN = 30'Full Scale Airspeed 180 Knots. 

Aircraft Axial Force Coefficient Versus Angle of 
Attack. IN = 30'Full Scale Airspeed 180 Knots. 

Aircraft Pitching Moment Versus Angle of Attack. 
IN = 3 0 ~ ~ ~ 1 1  Scale Airspeed 180 Knots. 

Aircraft Yzwing Moment Versus Angle of Attack. 
IN = 30*~ull Scale Airspeed 180 Knots. 
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Figure  
Number 

11-018 

11-019 

11-020 

11-021 

11-022 

11-023 

11-024 

11-025 

11-026 

11-027 

11-028 

11-029 

11-030 

11-031 

11-032 

11-033 

T i t l e  

~ i r c r a f t  R o l l i n g  Moment Versus Angle of  At tack,  
IN. = 30°Ful l  S c a l e  Airspeed 180 Knots. 

A l t .  L e f t  Chord Bending Versus Rotor ~ n g l e  of 
At tack.  IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

A l t .  L e f t  F l a p  Bending Versus Rotor Angle of 
At tack.  IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

A l t .  L e f t  P icch  Link Load Versus Rotor Angle of 
At tack.  IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

A l t o  Right  Chord Bending Versus Rotor Angle o f  
At tack.  IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

A l t .  Right  F l ap  Bending Versus Rotor Angle o f  
At tack.  IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

A l t .  Right  P i t c h  Link Load Versus Rotor Angle of  
At tack.  IN = 30' F u l l  S c a l e  Airspeed 180 Knots. 

L e f t  Rotor Thrus t  C o e f f i c i e n t  Versus Yaw Angle % 

Degreqs. IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus Yaw Angle % 

Degrees. IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

L e f t  Rotor Normal Force C o e f f i c t z n t  Versus Yaw 
Angle % Degrees. IN = 30' F u l l  S c a l e  Airspeed 
180 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus Yaw 
Angle % Degrees. IN = 30° F u l l  S c a l e  Airspeed 
180 Knots. 

L e f t  Rotor P i t c h i n g  Moment Versus Yaw Angle % 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 180 Knots. 

L e f t  Rotor Yawing Moment Versus Yaw Angle % 

Degrees. IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

Right  Rotor Thrus t  C o e f f i c i e n t  Versus Yaw Angle Q 

Degrees. IN = 30' F u l l  S c a l e  Airspeed 180 Knots. 

Right  Rotor Power C o e f f i c i e n t  Versus Yaw Angle Q 

Degrees. IN = 30° F u l l  S c a l e  Airspeed 180 Knots. 

Right  Rotor Normal Force C o e f f i c i e n t  Versus Yaw 
Angle % Degrees. IN = 30° F u l l  S c a l e  Airspeed 
180 Knots. 
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Figure 
Number 

Right Rotor Side Force Coefficient Versus Yaw 394 
Angle Q Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Right Rotor Pitching Moment Versus Yaw Angle Q 395 
Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Yawing Moment Versus Yaw Angle Q 396 
Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Lift Coefficient Versus Yaw Angle % 397 
Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Side Force Coefficient Versus Yaw Angle Q 
398 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Axial Force Coefficient Versus Yaw Angle Q 
399 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Pitching Moment Versus Yaw Angle Q 
400 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Pawing Moment Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Rolling Moment Versus Yaw Angle Q , 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Left Chord Bending Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Left Flap Bending Versus Yaw Angle % 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Left Pitch Link Load Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Right Chord Bending Versus Yaw Angle 'b 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Right Flap Bending Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Right Pitch Link Load Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Left Rotor Thrust Coefficient Versus Left Rotor 
Long. Cyclic Q Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 
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Figure 
Number 

11-050 

11-051 

11-052 

11-053 

11-054 

11-055 

11-056 

11-057 

11-058 

11-C59 

11-060 

11-061 

11-062 

T i t l e  - 
Lef t  Rotor Power Coef f i c i en t  Versus Lef t  Roter 
Long. Cycl ic  % Degrees. IN = 30' F u l l  Sca le  
Airspeed 180 Knots. 

L e f t  Rotor Normal Force Coef f i c i en t  Versus Lef t  
Rotor Long. Cycl ic  % Degrees. IN = 30° F u l l  
Sca le  Airspeed 180 Knots. 

Le f t  Rotor Side Forze Coef f i c i en t  Versus Lef t  
Rotor Long. Cycl ic  % Degrees. IN = 30' F u l l  
Sca le  Airspeed 180 Knots. 

Le f t  Rotor Pi tching Moment Versus Lef t  ' ~ o t o r  Long. 
Cycl ic  % Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

Le f t  Rotor Yawing Moment Versus Lef t  Rotor Long. 
Cyclic % Degrees. IN = 30° F u l l  Sca le  Airspeed 
180 Knots. 

Right Rotor Thrust  Coef f i c i en t  Versus Right Rotor 
Long. Cycl ic  % Degrees. IN = 30' F u l l  Scale  
Airspeed 180 Knots. 

Right Rotor Power Coef f i c i en t  Versus Right Rotor 
Long. Cyclrc 0, Degrees. IN = 30° F u l l . S c a l e  
Airspeed 180 Knots. 

Page 

410 

4 1 1  

412 

413 

4 1 4  

415 

4 1 6  

Right 
Rotor 
Sca le  

Right 
Rotor 
Scale  

Right 
Long. 

Rotor Normal Force Coef f i c i en t  Versus Right 417 
Long. Cyclic % Degrees. IN = 30° F u l l  
Airspeed 180 Knots. 

Rotor Side Force Coef f i c i en t  Versus Right 418 
Long. Cyclic % Degrees. IN = 30° F u l l  
Airspeed 180 Knots. 

Rotor Pi tching Moment Versus Right Rotor 419 
Cyclic % Degrees. IN = 30° F u l l  Sca le  

Right Rotor Yawing Moment Versus Right Rotor Long. 420  
Cyclic  % Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

A i r c r a f t  L i f t  C o e f f i c i ~ n t  Versus Lef t  Rotor Long. 4 2 1  
Cycl ic  % Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

A i r c r a f t  Side Force Coef f i c i en t  Versus Lef t  Rotor 4 2 2  
Long. Cycl ic  % Degrees. IN = 30' F u l l  Scale  
Airspeed 180 Knots. 
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Figure 
Title - Number Page 

423 Aircraft Axial Force Coefficient Versus Left- 
Rotor Long. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

Aircraft Pitching Moment Coefficient Versus 
Left Rotor Long. Cyclic Q Degrees. IN = 30' 
Full Scale Airspeed 180 Knots. 

Aircraft Yawing Moment Coefficient Versus Left 
Rotor Long. Cyclic Q Degrees. IN = 30' Full 
Scale Airspeed 180 Knots. 

Aircraft Rolling Moment Coefficient Versus 
Left Rotor Long. Cyclic % Degrees. IN = 30° 
Full Scale Airspeed 180 Knots. 

Alt. Left Chord Bending Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Left Flap Bending Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Left Pitch Link Load Versus Left Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Right Chord Bending Versus Right Rotor Long. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

11-071 Alt. Right Flap Bending Versus Right Rotor Long. 
Cyclic Q Degrees. IN = 30' Full Scale Airspeed 
180 Knots. 

11-072 Alt. Right Pitch Link Load Versus Right Rotor 
Long. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-073 Left Rotor Thrust Coefficient Versus Left Rotor 
Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-074 Left Rotor Power Coefficient Versus Left Rotor 
Lat. Cyclic % Degrees. IN ='30° Full Scale 
Airspeed 180 Knots. 

11-075 Left Rotor Normal Force Coefficient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 



Figure 
Number Title Page 

Left Rotor Side Force Coefficient Versus Left 436 
Rotor Lat. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

Left Rotor Pitching Moment Coefficient Versus 437 
Left Rotor Lat. Cyclic % Degrees. IN = 30' 
Full Scale Airspeed 180 Knots. 

Left Rotor Yawing Moment Coefficient Versus 438 
Left Rotor Lat. Cyclic ?. Degrees. IN = 30' 
Full Scale Airspeed 180 Knots. y. 

Right Rotor Thrust Coefficient Versus Right Rotor 439 
Lat. Cyclic Q, Degrees. IN = 30° Full Scale Air- 
speed 180 Knots. 

Right Rotor Power Coefficient Versus Right Rotor 440 
Lat. Cyclic % Degrees. IN = 30° Full Scale Air- 
speed 180 Knots. 

Right Rotor Normal Force Coefficient Versus Right 441 
Rotor Lat. Cyclic Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Right Rotor Side Force Coefficient Versus Right 442 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Right Rotor Pitching Moment Coefficient Versus 443 
Right Rotor Lat. Cyclic % Degrees. IN = 30° 
Full Scale Airspeed 180 Knots. 

Right Rotor Yawing Moment Coefficient Versus Right 444 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Aircraft Lift Coefficient Versus Left Rotor Lat. 445 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 
180 Knots. 

Aircraft Side Force Coefficient Versus Left Rotor 446 
Lat. Cyclic % Degrees. IN = 30° Full Scale Air- 
speed 180 Knots. 

Aircraft Axial Force Coefficient Versus Left 447 
Rotor Lat. Cyclic Q Degrees. Ii? = 30° Full 
Scale Airspeed 180 Knots. 

Aircraft Pitching Moment Coefficient Versus Left 448 
Rotor Lat. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. I 



Figure 
Number 

11-089 

11-090 

11-091 

11-092 

11-093 

11-094 

11-095 

11-096 

11-097 

11-098 

11-099 

11-100 

11-101 

1 

Title 

Aircraft Yawing Moment Coefficient Versus Le'Et 
~ o t o r  Lat. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

Aircraft Rolling Moment Coefficient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

Alt. Left Chord Bending Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Left Flap Bending Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Left Pitch Link Load Versus Left Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

Alt. Right Chord Bending Versus Right Rotor Lat. 
Cyclic % Degrees. IN = 30° Full Scale Airspeed 
180 Knots. 

1 

Alt. Right Flap Bending Versus Right Rotor Lat. 
Cyclic %.Degrees. IN = 30° Full Scale Airspeed - 
180 Knots. 

Alt. Right Pitch Link Load Versus Right Rotor 
Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Left Rotor Thrust Coefficient Versus Left Rotor 
Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Left Rotor Power Coefficient Versus Left Rotor 
Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Left Rotor Normal Force Coefficient Versus Left 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Left Rotor .Side Force Coefficient Versus Left 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

Left Rotor Pitching Moment Coefficient Versus 
Left Rotor Collective % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

LII 

Page 

449 

453 

451 

452 

453 

454 

455 

456 

457 

458 

459 

460 

461 



Figure 
Number Title Page 

11-102 Left Rotor Yawing Moment Coefficient Versus Left 462 
Rotor Collective 4 Degrees. IN = 30' Full ~'cale 
Airspeed 180 Knots. 

11-103 Right Rotor Thrust Coefficient Versus Right Rotor ' 463 
Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-104 Right ~ o t o r  Power Coefficient Versus Right Rotor 464 
Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

' 11-105 Right Rotor Normal Force Coefficient Versus Right 465 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-106 Right Rotor Side Force Coefficient Versus Right 466 
Rotor Collective % Degrees. IN = 30' Full Scale 
Airspeed 180 Knots. 

11-107 Right Rotor Pitching Moment Coefficient Versus 467 
Right Rotor Collective % Degrees. IN = 30° Full 
Scale Airspeed 180 Knots. 

11-108 Right Rotor Yawing Moment Coefficient Versus Right 468 
Rotor Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-109 Aircraft Lift Coefficient Versus Left Rotor 
Collective % Degrees. IN = 30' Full Scale 
Airspeed 180 Knots. 

11-110 Aircraft Side Force Coefficient Versus Left Rotor 470 
Collective % Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-111 Aircraft'Axial Force Coefficient Versus Left 471 
Rotor Collective % Degrees. IN = 30' Full 
Scale Airspeed 180 Knots. 

11-112 Aircraft Pitching Moment Coefficient Versus Left 472 
Rotor Col.lective Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 

11-113 Aircraft Yawing Moment Coefficient Versus Left 473 
Rotor Collective % Degrees. IN = 30' Full Scale 
Airspeed 180 Knots. 

11-114 Aircraft Rolling Moment Coefficient Versus Left 474 
Rotor Collective -., Degrees. IN = 30' Full Scale 
Airspeed 180 Knots. 

LIII 



Figure 
Number T i t l e  Page 

11-115 A l t .  Le f t  Chord Bending Versus Lef t  Rotor - 475 
Col lec t ive  Q Degrees. IN = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-116 A l t .  Le f t  Flap Bending Versus Lef t  Rotor 476 
Col l ec t ive  Q Degrees. IN = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-117 A l t .  Le f t  P i t ch  Link Load Versus L e f t  Rotor 
Col lec t ive  Q Degrees, IN = 30° F u l l  Scale  
Airspeed 180 Knots, 

11-118 A l t .  Right Chord Bending Versus Right Rotor 478 
Col lec t ive  Q Degrees, IN = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-119 A l t .  R i g h t  Flap Bending Versus Right Rotor 479 
Col lec t ive  % Degrees. lH = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-120 A l t .  Right P i t c h  Link Load Versus Right Rotor 480 
Col lec t ive  Q Degrees. IN = 30° F u l l  Sca le  
Airspeed 180 Knots. 

11-121 L e f t  Rotor Thrust  Coeff ic ient  Versus Lef t  Flap 481 
Angle Q Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

11-122 Lef t  Rotor Power Coeff ic ient  Versus L e f t  Angle Q 482 
Degrees. IN = 30° F u l l  Scale  Airspeed 180 Knots. 

11-123 L e f t  Rotor Normal Force Coeff ic ient  Versus Lef t  483 
Angle Q Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

11-124  Lef t  Rotor Side Force Coeff ic ient  Versus Lef t  484 
Angle Q Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

11-125 Lef t  Rotor Pi tching Moment Coeff ic ient  Ver sus  485 
L e f t  Flap Angle Q Degrees. IN = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-126 Lef t  Rotor Yawing Moment Coeff ic ient  Versus 486 
Lef t  Flap Angle Q Degrees. IN = 30° F u l l  Scale  
Airspeed 180 Knots. 

11-127 ~ i g h t  Rotor Thrust Coeff ic ient  Versus Right Flap 4 87 
Angle Q Degrees. IN = 30° F u l l  Scale  Airspeed 
180 Knots. 

L I V  



Figure  
Number 

11-128 

T i t l e  Page 

Right Rotor Power C o e f f i c i e n t  Versus Right FAap 488 
Angle % Degrees. IN = 30. F u l l  S c a l e  Airspeed 
180 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus Right 489 
F lap  Angle % Degrees. IN = 30° F u l l  Sca l e  A i r -  
speed 180 Knots. 

Right Rotor S ide  Force C o e f f i c i e n t  Versus Right 
F lap  Angle % Degrees. IN = 30' F u l l  Sca l e  A i r -  
speed 180 Knots. 

Right Rotor P i t c h i n g  Moment C o e f f i c i e n t  Versus 
Right F l ap  Angle % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 180 Kr-ots. 

Right Rotor Yawing Moment C o e f f i c i e n t  Versus 
Right F lap  Angle % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 180 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  F lap  Angle 
% Degrees. IN = 30° F u l l  Sca l e  Airspeed 180 
Knots. 

A i r c r a f t  Side  Force C o e f f i c i e n t  Versus L e f t  F lap  
Angle % Degrees. IN ~ ' 3 0 :  F u l l  Sca l e  Airspeed 
189 Knots. 

A i r c r a f t  Axial  Force C o e f f i c i e n t  Versus L e f t  F lap  
Angle Degrees. IN = 30° F u l l  Sca l e  Airspeed 
180 Knots. 

A i r c r a f t  P i t c h i n g  Moment C o e f f i c i e n t  Versus L e f t  
F lap  Angle % Degrees. IN = 30' F u l l  Sca l e  
Airspeed 180 Knots. 

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  
F lap  Angle % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 180 Knots. 

A i r c r a f t  Rol l ing  Moment C o e f f i c i e n t  Versus L e f t  
F lap  Angle % Degrees. IN = 30° F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  L e f t  Chord Bending Versus L e f t  F lap  Angle 
% Degrees. IN = 30' F u l l  Sca l e  Airspeed 180 
Knots. 

A l t .  L e f t  F lap  Bending Versus L e f t  F l ap  Angle % 

Degrees. IN = 30° F u l l  Sca l e  Airspeed 180 Knots. 



Figure 
Number 

11-141 

11-142 

11-143 

il-144 

11-145 

11-146 

11-147 

11-148 

11-149 

11-150 

11-151 

11-152 

11-153 

11-15! 

11-155 

11-156 

11-157 

Title - 
Alt.  e eft Pitch Link Load Versus Left Flap ~ n g l i  
% Degrees. IN = 30° Full Scale Airpseed 180 Knots. 

Alt. Right Chord Bending Versus Right Flap Angle 
% Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. Right Flap Bending Versus Right Flap Angle 
Q Degrees. IN = 30° Full Scale Airspeed 180 Knots. 

Alt. R,iqht Pitch Link Load Versus Right Flap Angie 
5 Degrees. IN = 30' Full Scale Airspeed 180 Knots. 

Left 
IN = 

Left 
IN = 

Left 
RPEr,. 

Left 
IN = 

Left 
RPM . 
Left 
RPM. 

Rotor Thrust Coefficient Versus Rotor RPM. 
30° Full Scale Airspeed 180 Knots. 

Rotor Power Coefficient Versus Rotor RPM. 
30° Full Scale Airspeed 180 Knots. 

Rotor Normal Force Coefficient Versus Rotor 
IN = 30° Full Scale Airspeed 180 Knots. 

Rotor Side Force Coefficient Versus Rotor RPM. 
30" Full Scale Airspeed 180 Knots. 

Rotor Pitching Moment Coefficient Versus Rotor 
IN = 30°'Full Scale Airspeed 180 Knots. 

Rotor Yawing Moment Coefficient Versus Rotor 
IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Thrust Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Power Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Normal Force Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Side Force Coefficient Versus Rotor 
RPM. IN = 30° Full Scale Airspeed 180 Knots, 

Right Rotor Pitching Moment Coefficient Versus Rotor 
PSM. IN = 30° Full Scale Airspeed 180 Knots. 

Right Rotor Yawing Moment Coefficient Versus Rotor 
R P M ,  IN = 30° Full Scale Airspeed 180 Knots. 

Aircraft Li.f t 
IN = 306 Full 

Coefficient Versus Rotor RPM. 
Scale Airspeed 180 Knots. 

LVI 



Figure 
Number 

11-158 

11-159 

11-160 

11-161 

11-162 

11-163 

11-164 

11-165 

11-166 

11-167 

, 11-168 

T i t l e  - 
A i r c r a f t  Side Force Coeff ic ient  Versus Rotor RPM. 
IN - 30. F u l l  Scale  Airspeed 180 Knots. 

A i r c r a f t  Axial Force Coeff ic ient  Versus Rotor RPM. 
IN = 30° F u l l  Scale  Airspeed 180 Knots. 

A i r c r a f t  P i tch ing  Moment Coeff ic ient  Versus Rotor 
RPM. IN - 30° F u l l  Scale  Airspeed 180 Knots. 

A i r c r a f t  Rolling Moment Coeff ic ient  Versus Rotor 
R P M .  Is r 3U0 F u l l  Scale  Airspeed 180 Knots. 

I 

I 

Page 

518 

519 

520 

5 2 1  

A i r c r a f t  Yawing Moment Coef f i c i en t  Vcrsus Rotor 
RPM. IN = 3Q0 F u l l  Scale  Airspeed 180 Knots. 

A l t .  L e f t  Chord Bending Versus Rotor RPM. 
IN = 30' F u l l  Scale  Airspesd 180 Knots. 

A l t .  L e f t  Flap Bending Versus  Rotor W M .  
IN = 30° F u l l  Scale  Airspeed 180 Knots. 

A l t .  L e f t  Pitch Link 5oa6 Versus Rotor RPM. 
IN = 30° F u l l  Scale Airspeed 180 Knots. 

A l t .  ~ i g h t  Chord Bending Versus Rotor RPM; 
IN = 30' F u l l  Scale Airspeed 180 Knots. 

A l t .  Right Flap Bending Vtxsus Rotor RPM. 
IN = 30' F u l l  Scale Airspeed 180 Knots. 

A l t .  Right P i t c h  Link Load Versus Rotor RPM. 
IN = 30° F u l l  Scale  Airspeed 180 Knots. 

LVI I 



Figure 
Number 

12-001 

12-003 

12-004 

12-005 

? 
12-006 

@ 

12-007 

12-008 

T i t l e  - Page 

Lef t  Rotor Thrust Coeff ic ient  Versus Angle of - 529 
Attack. IN = lSO.  F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Power Coef f i c i en t  Versus  Angle of 530 
Attack. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Normal Force Coeff ic ient  Versus Angle 53i 
cf Attack. IN - 15O. F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Side Force Coef f i c i en t  Versus Angle 532 
of  Attack. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

F 

Lef t  Rotor Pi tching Moment Versus Angle of Attack. 533 
IN = 15O. F u l l  Scale  Airspeed 180 Knots. 

& f t  Rotor Yawing Moment Versus Angle of Attack. 534 
IN' = l S O .  F u l l  Scale  Airspeed 180 Knots. 

Right Rotor Thrust Coef f i c i en t  Versus Angle of Attack. 535 
IN = IS0. F u l l  Scale  Airspeed 180 Knots. 

Right Ro-r Power Coeff ic ient  Versus Angle of Attack. 536 
IN = 15O. F u l l  Scale  Airspeed 180 Knots. 

12-00a Right Rotor Normal Force Coef f i c i en t  Versus Angle of 537 
- Attack. IN = 15'. F u l l  Scale  Airspeed 180 Knots. 

12-010 Right Rotor Side F o r c e C o e f f i c i e n t  V e r s u s  Angle of 538 
Attack. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

, _  
:i 

4 .  

12-011 *Right Rotor Pi tching mment V e r s u s  Angle of AttacY. 539 
IN = 5 S 0 .  F u l l  Scale  &speed 180 Knots. .r . 

L 1 
i 

12-012 Right Rotor Yawing Moment V e r s u s  Angle of Attack. 540 
IN = 15O. F u l l  Scale  Airspeed 180 Knots. 

12-013 A i r c r a f t  L i f t  Coeffichm& Versus Angle of Attack. 541 
IN - 15'. F u l l  Scale  &speed 180 Knots. 

12-014 A i r c r a f t  Side Force Coeff ic ient  Versus  Angle of 542 
Attack. IN = l S O .  F u l l  Sea* Airspeed 180 Knots. 

, J 



Figure 
Number T i t l e  - Page 

5 4 3  A i r c r a f t  Axial Force Coef f i c i en t  Versus Angle of  
Attack. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

A i r c r a f t  Pi tching Moment Versus -gle of Attack. 
IN = lSO.  F u l l  Scale  Airspeed 180 Knots. 

A i r c r a f t  Yawing Moment Versus Angle of Attack. 
IN = l S O .  F u l l  Scale  Airspeed 180 Riots .  

A i r c r a f t  Rolling Moment Versus Angle of Attack. 
IN - 15'. F u l l  Scale Airspeed 180 Knots. 

A l t .  Le f t  Chord Bending Versus  Rotor Angle of 
Attack. IN = 15O. F u l l  Scale Airspeed 180 Knots. 

A l t .  Le f t  Flap Bending Versus Rotgr Angls of 
Attack. IN = 15'. F u l l  Scaie Airspeed 180 Yaots. 

A l t .  Le f t  P i t ch  Link Load Versus Rotor Angle of 
Attack. IN = I S 0 .  F u l l  Scale Airspeed 180 Knots. 

A l t .  Right Chord Bending Versus Rotor Angle of  
Attack. IN = l S O .  F u l l  Scaie Airspeed 18G Kncts. 

A l t .  Right Flap Bending Versus Rotor Angle of 
Attack. IN = lSO.  F u l l  Scale Airspeed 180 Knots. 

A l t .  Right P i tch  Link Load Versus Rotor A,,yle of 
Attack. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Thrust Coef f i c i en t  Versus Yaw Angle-- 
Degrees. IN = 15O. F u l l  Scale  Airsgeed 180 Knots. 

Le f t  Rotor Power Coef f i c i en t  Versus  Yaw Angle- 
Degrees. IN = 15'. F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Normal Force Coeff ic ient  Versus Yaw 
Angle - Degrees. IN = l S O .  F u l l  Scale Airspeed 
180 Knots. 

Lef t  Rotor Side Force Coefficieri t  Versus YZW h g 1 . c -  
Degrees. IN = l S O .  Full Scale Airspeed 180 Knots 

L V I X  



Figure  
Number T i t l e  P a g e  

L e f t  R o t o r  P i t c h i n g  Moment  V e r s u s  Yaw Anglen-- 
. 

5 5 7  
D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

L e f t  R o t o r  Y a w i n g  Moment  V e r s u s  Yaw A n g l e  -- D e g r e e s .  , 5 5 8  
IN = 1 5 O .  F u l l  S c a l e  A i r s p e e d  180 K n o t s .  

R i g h t  R o t o r  T h r u s t  C o e f f i c i e n t  V e r s u s  Yaw A n g l e -  5 5 9  
D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

R i g h t  R o t o r  P o w e r  C o e f f i c i e n t  V e r s u s  Yaw A n g l e -  5 6 0  
D e g r e e s .  IN = l S O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

R i g h t  R o t o r  Normc- F o r c e  C o e f f i c i e n t  V e r s u s  Yaw 5 6 1  
Angle -- D e g r e e s .  IN = 15'. F u l l  Scale ~ i r s ~ e e d  
180 K n o t s .  

R i g h t  R o t o r  Side Force C o e f f i c i e n t  V e r s u s  Yaw Angle- 5 6 2  
D e g r e e s .  IN = 1,'. F u l l  Scale A i r s p e e d  180 K n o t s .  

R i g h t  R o t o r  P i t c h i n g  Moment  V e r s u s  Yaw A n g l e -  5 6 3  
D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

1 2 - 0 3 6  ' R i g h t  R p t o r  Y a w i n g  Moment  V e r s u s  Yaw A n g l e  - 5 6 4  
D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 Knot=. 

1 2 - 0 3 7  A i r c r a f t  L i f t  C o e f f i c i e n t  V e r s u s  Yaw A n g l e - - D e g r e e s .  5 6 5  
IN = 15'. F u l l  Scale A i r s p e e d  180 K n o t s .  

1 2 - 0 3 8  A i r c r a f t  Side F o r c e  C o e f f i c i e n t  V e r s u s  Yaw A n g l e -  5 6 6  
D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 Knots. 

1 2 - 0 3 9  A i r c r a f t  A x i a l  Force Coeff ic ient  V e r s u s  Yaw A n g l e -  5 6 7  
D e g r e e s ,  IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 Knots. 

1 2 - 0 4 0  A i r c r a f t  P i t c h i n g  Moment  V e r s u s  Yaw A n g l e  - D e g r e e s .  5 6 8  
IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

1 2 - 0 4 1  A i r c r a f t  Y a w i n g  Moment  V e r s u s  Yaw A n g l e  - D e g r e e s .  5 6 9  
IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  

i 

1 2 - 0 4 2  A i r c r a f t  R o l l i n g  Moment  V e r s u s  Yaw A n g l e - D e g r e e s .  5 7 0  
IN = l S O .  F u l l  Scale A i r s p e e d  180 K n o t s .  , 

I 

1 2 - 0 4 3  ~ l t .  L e f t  C h o r d  B e n d i n g  v e r s u s  yaw ~ n g l e - ~ e g r e e s .  , 5 7 1  i 
IN = 1 5 O .  F u l l  S c a l e  A i r s p e e d  180 Knots. j 



Figure  
Number T i t l e  

A l t .  L e f t  F lzp  Bending Versus Yaw Angle-Degrees. 572 
IN = lSO,.  F u l l  Sca l e  Airspeed 180 Knots. 

A l t .  L e f t  P i t c h  Link Load Versus Yaw Angle- 573 
Degrees. IN = 15O. F u l l  Sca l e  Airspeed 180 Knots. 

A l t .  Right  Chord Bending Versus Yaw Angle-Degrees. 574 
IN = l S C .  F u l l  Sca l e  Airspeed 180 Knots. 

A l t .  Right  F l ap  Bending Versus Yaw Angle - Degrees. 575 
IN = 15'. F u l l  Sca l e  Airspeed 180 Knots. 

A l t .  Right  P i t c h  Link Load Versus Yaw Angle- 576 
Degrees. IN = 15'. F u l l  Sca l e  Airspeed 180 Knots. 

L e f t  Rotor Thrust  C o e f f i c i e n t  Versus L e f t  Rotor 577 
Long. Cyc l ic  - Degrees. IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus L e f t  Rotor 578 
Long. Cyc l ic  -Degrees. Ix = 15'. F u l l  Sca l e  
Airspeed 180 .Knots. 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus L e f t  579 
Rotor Long. Cyc l ic  -- Degrees. IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyclic-Degrees.  IN = 15O. F u l l  
Sca l e  Airspeed 180 Knots. 

Le f t  Rotor P i t ch ing  Moment Versus L e f t  Rotor 
Long. Cyc l i c  - Degrees. IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Yawing Moment Versus L e f t  Rotor Long. 
Cyc l ic  -Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 
180 Knots. 

Right Rotor Thrus t  C o e f f i c i e n t  Versus Right 
Rotor Long. Cycl ic-Degrees .  IN = 15O. F u l l  
Sca l e  Airspeed 180 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right Rotor 
Long. Cyc l ic  -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 180 Knots. 
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Right Rotor Normal Force C o e f f i c i e n t  Versus - 585 
Right Rotor Long. Cyc l ic  -Degrees. IN = l S O ,  
F u l l  Sca l e  Airspeed 180 Knots. 

Right Rotor Side Force C o e f f i c i e n t  Versus Right  586 
Rotor Long. Cyc l ic  - Degrees. IN = 15O. F u l l  
Sca l e  Airspeed 180 Knots. 

Right Rotor P i t ch ing  Moment Versus Right  Rotor 
Long. Cyclic-Degrees.  IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

Right Rotor Yawing Moment Versus Right Rotor 
Long. Cyclic-Degrees.  IN = 15O. F u l l  S c a l e  
Airspeed 180 Knots. 

A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  Rotor 
Long. Cyc l ic  -Degrees. IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

A i r c r a f t  Side  Force C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyc l ic  -Degrees. IN = 15'. F u l l  
Sca l e  Airspeed 180 Knots. 

A i r c r a f t  Axial Force C o e f f i c i e n t  Versus L e f t  
Rotor Long. Cyclic-Degrees.  IN = 15'. F u l l  
Sca l e  Airspeed 180 Knots. 

A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus 
L e f t  Rotor Long. Cyc l ic  --Degrees, IN = 15O. 
F u l l  Sca l e  Airspeed 180 Knots. 

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  
Rot-or Long. Cyc l ic  --Degrees. IN = 15'. F u l l  
Sca l e  Airspeed 180 Knots. 

A i r c r a f t  Rol l ing  Moment C o e f f i c i e n t  Versus 
L e f t  Rotcr Long. Cycl ic-Degrees .  IN = 15O. 
F u l l  Sca l e  Airspeed 180 Knots. 

I 

A l t .  L e f t  Chord Bending Versus L e f t  Rotor Lqng. 595 
Cyc l i c  -Degrees. IN = 15O. F u l l  Sca l e  Airspeed 
180 Knots. I 

i 

LXI I 



Figure  
Number T i t l e  Page 

596 A l t .  L e f t  F lap  Bending Versus L e f t  Rotor Long. - 
Cyclic-Degrees.  IN = 15'. F u l l  Sca l e  Airspeed 
180 Kno t s .  

A l t .  L e f t  P i t c h  Link L ~ a d  Versus L e f t  Rotor 
Long. Cycl ic-Degrees .  IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  Right  Chord Bending Versus Right Rotor 
Long. Cyc l ic  -Degrees. IN = 15". F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  Right  F l ap  Bending V e r s u s  Right Rotor 
Long. Cyc l ic  -Degrees. IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  Right  P i t c h  Link Load Versus Right Rotor 
Long. Cycl ic-Degrees .  IN = 15". F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Thrus t  C o e f f i c i e n t  Versus L e f t  Rotor 
Lat .  Cyc l ic  -Degrees. IN = 15'. F u l l  Sca l e  
Airspeed. 180 Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus L e f t  Rotor 
Lat .  Cyc l ic  -Degrees. IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Normal Force C o e f f i c i e n t  Versus L e f t  
Rotor Lat .  Cyclic-Degrees.  IN = 15O. F u l l  
Sca l e  Airspeed 180 Knots. 

L e f t  Rotor Side Force C o e f f i c i e n t  Versus Le f t  
Rotor Lat .  Cyc l ic  -Degrees. IN = IS0 .  F u l l  
Sca l e  Airspeed 180 Knots. 

L e f t  Rotor P i t ch ing  Mome~t C o e f f i c i e n t  V e r s u s  
L e f t  R ~ t o r  Lat .  Cycl ic-Degrees .  IN = 15'. 
F u l l  Sca l e  Airspeed 180 Knots. 

L e f t  Rotor Yawing Moment C o e f f i c i e n t  V e r s u s  
L e f t  Rotor La t .  Cycl ic-Degrees .  IN = 15". 
F u l l  Sca l e  Airspeed 180 Knots. 

L X I I I  



Figure 
Number T i t l e  Page 

Right Rotor Thrust Coeff ic ient  Versus Right - 607 
Rotor Lat. Cyclic --Degrees. IN = 15O. F u l l  
Scale  Airspeed 180 Knots. 

Right Rotor Power Coef f i c i en t  Versus Right 
Rotor Lat Cyclic -Dc jrees.  IN = lSO.  F u l l  
Scale  Airspeed 180 Knots. 

Right Rotor Normal Force Coef f i c i en t  Versus 
Right Rotor Lat. Cyclic-Degrees. IN = 15'. 
F u l l  Scale  Airspeed 180 Knots. 

Right Rotcr Side Force Coeff ic ient  Ver sus  Right 610 
Rotor Lat. Cyclic -Degrees. IN = l S O .  F u l l  
Scale  I i r s p e e d  180 Knots. 

2 ight  Rotor Pi tching Moment Coeff ic ient  Versus 611 
Right Rotor Lat. Cyclic -Degrees. IN = lSO.  
F u l l  Scale Airspeed 180 Knots. 

Right Rotor Yawing Moment Coef f i c i en t  Versus 
Right F.otor Lat .  Cyclic -Degrees. IN = lSO.  
F u l l  Scale  Airspeed 180 Knots. 

12-085 A i r c r a f t  L i f t  Coef f i c i en t  Versus L e f t  Rotor 
Lat.  Cyclic-Degrees. IN = l S O .  F u l l  Scale  
Airspeed 180 Knots. 

12-086 A i r c r a f t  Side Force Coeff ic ient  Versus L e f t  
Rotor Lat. Cyclic-Degrees. IN = 15O. F u l l  
Scale  Airspeed 180 Knots. 

12-087 A i r c r a f t  Axial Force Coef f i c i en t  Versus Lef t  
Rotor Lat. Cyclic -Degrees. IN = 15O. F u l l  
Scale  Airspeed 180 Knots. 

12-088 A i r c r a f t  Pi tching Moment Coeff ic ient  Versus 
Lef t  Rotor Lat. Cyclic -Degrees. IN = l S O .  
F u l l  Scale Airspeed 180 Knots. 

12-089 A i r c r a f t  Yawing Moment Coef f i c i en t  Versus  
Lef t  Rotor Lat. Cyclic-Degrees. IN = I S 0 .  
F u l l  Scale Airspeed 130 Knots. 
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A i r c r a f t  R o l l i n g  M o m e n t  C o e f f i c i e n t  V e r s u s  - 6 1 8  
L e f t  R o t o r  L a t .  C y c l i c - D e g r e e s .  IN = 1 5 O .  
F u l l  Scale A i r s p e e d  180 K n o t s .  

A l t .  L e f t  C h o r d  B e n d i n g  V e r s u s  L e f t  Ro,tor L a t .  6 1 9  
C y c l i c  - D e g r e e s .  IN = l S O .  F u l l  Scale A i r s p e e d  
180 K n o t s .  

A l t .  L e f t  Flap B e n d i n g  V e r s u s  L e f t  R o t o r  L a t .  6 2 0  
C y c l i c  - - D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  6.. 

180 K n o t s .  

A l t .  L e f t  P i t c h  L i n k  L o a d  V e r s u s  L e f t  R o t o r  L a t .  6 2 1  
C y c l i c  - D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  
180 K n o t s .  

A l t .  R i g h t  C h o r d  B e n d i n g  V e r s u s  R i g h t  R o t o r  L a t .  6 2 2  
C y c l i c  - D e g r e e s .  IN = 1 5 O .  F u l l  S c a L e  A i r s p e e d  
180 K n o t s .  

A l t .  R i g 3 t  Flap B e n d i n g  V e r s u s  R i g h t  R o t o r  L a t .  623 
C y c l i c  - D e g r e e s .  IN = l S O .  F u l l  Scale A i r s p e e d  
180 K n o t s .  

A l t .  R i g h t  P i t c h  L i n k  L o a d  V e r s u s  R i g h t  R o t o r  6 2 4  
L a t .  C y c l i c  - D e g r e e s .  IN = 1 5 O .  F u l l  Scale 
A i r s p e e d  180 Knots. 

L e f t  R o t o r  T h r u s t  C o e f f i c i e n t  V e r s u s  L e f t  R o t o r  6 2 5  
C o l l e c t i v e  - D e g r e e s .  Ix = 1 5 O .  F u l l  Scale 
A i r s p e e d  180 K n o t s .  

L e f t  R o t o r  P o w e r  C o e f f i c i e n t  V e r s u s  L e f t  R o t o r  6 2 6  
C o l l e c t i v e  - D e g r e e s .  IN = l S O .  F u l l  Scale 
A i r s p e e d  180 Knots. 

L e f t  R o t o r  N o r m a l  Force C o e f f i c i e n t  V e r s u s  L e f t  6 2 7  
R o t o r  C o l l e c t i v e  - D e g r e e s .  IN = 1 5 O .  F u l l  Scale 
A i r s p e e d  180 K n o t s .  

L e f t  R o t o r  Side Force C o e f f i c i e n ~  V e r s u s  L e f t  
R o t o r  C o l l e c t i v e  - C e g r e e s .  IN = 1 5 O .  F u l l  
Scale A i r s p e e d  180 K n o t s .  
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Lef t  Rotor Pi tching Moment Coef f i c i en t  Versus - 
Lef t  Rotor C o l l e ~ t i v e ~ D e g r e e s .  IN = 15'. 
F u l l  Scale  Airspeed 180 Knots. 

Le f t  Rotor Yawing Moment Coef f i c i en t  Versus Lef t  
Rotor Collective--Degrees.  IN = 15'. F u l l  Sca le  
Airspeed 180 Knots. 

Right Rotor Thrust Coef f i c i en t  Versus Right Rotor 
Co l l ec t ive  -Degrees. IN = l S O .  F u l l  Scale  
Airspeed 180 Knots. 

Right Rotor Power Coeff ic ient  Ver sus  Right Rotor 
Collective-Degrees.  IN = 15O. F u l l  Scale  
Airspeed 180 Knots. 

Right Rotor Normal Force Coeff ic ient  Versus 
Right Rotor Col lec t ive  --Degrees. IN = 15'. 
F u l l  Scale  Airspeed 180 Knots. 

Right Rotor Side Force Coeff ic ient  Versus 
Right Rotor Collective--Degrees.  IN = 15O. 
F u l l  Scale  Airspeed 180 Knots. 

Right Rotor Pi tching Moment Coeff ic ient  Versus 
Right Rotor Collective-Degrees.  IN = 15'. 
F u l l  Scale  Airspeed 180 Knots. 

Right Rotor Yawing Moment Coef f i c i en t  Versus 
Right Retor Col lec t ive  -Degrees. IN = 15'. 
F u l l  Sca le  Airspeed 180 Knots. 

A i r c r a f t  L i f t  Coef f i c i en t  Versus Lef t  Rotor 
Col lec t ive  Degrees.-IN = l S O .  F u l l  Scale  
Airspeed 180 Knots. 

A i r c r a f t  Side Force Coeff ic ient  Versus Lef t  
Rotor Col lec t ive  --Degrees. IN = lSO.  F u l l  
Scale Airspeed 180 Knots. 

A i r c r a f t  Axial Force Coeff ic ient  Versus L e f t  
Rotor Collective-Degrees.  IN = 15'. F u l l  
Scale  Airspeed 180 Knots. 
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A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus 
- 

640 
L e f t  Rotor C o l l e c t i v e  --Degrees. IN = l S O .  
F u l l  Sca l e  Airspeed 180 Knots. 

A i r c r a f t  Yawing Mornat C o e f f i c i e n t  Versus L e f t  641 
Rotor C o l l e c t i v e  --Degrees. IN = l S O .  F u l l  
Sca l e  Airspeed 160 Xnots. 

A i r c r a f t  Rol l ing  Moment C o e f f i c i e n t  Versus L e f t  642 
Rotor Col lec t ive-Degrees .  IN = 15O. F u l l  
Sca l e  Airspeed 180 Knots. 

A l t .  L e f t  Chord Bending Versus L e f t  Rotor 
C o l l e c t i v e  -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  L e f t  F lap  Bending Versus L e f t  Rotor 
C o l l e c t i v e  -Degrees. IN = 15O. F u l l  Sce l e  
Airspeed 180 Knots. 

A l t .  L e f t  P i t c h  Link Load Versus L e f t  Rotor 
C o l l e c t i v e  -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  Right  Chord Bending Versus Right Rotor 
C o l l e c t i v e  -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  Right  F l ap  Bending Versus Right Rotor 
C o l l e c t i v e  -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 3 80 Knots. 

A l t .  Right  P i t c h  Link Load Versus Right Rotor 
Col lec t ive-Degrees .  IN = IS0 .  F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Thrust  C o e f f i c i e n t  Versus L e f t  F lap  
Angle-Cegrees. IN = 15'. F u l l  Sca l e  Airspeed 
180 Knots. 

L e f t  Rotor Power C o e f f i c i e n t  Versus L e f t  Angle 
-Degrees. IN = 15'. F u l l  Sca l e  Airspeed 
180 Knots. 
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L e f t  Rotor Normal Force C o e f f i c i e n t  Versus  eft- 651 
F l a p  Angle -Degrees. IN = 1 5 O .  F u l l  Sca l e  
Airspeed 180 Viiots . 
L e f t  Rotor S ide  Force C o e f f i c i e n t  Versus L e f t  652 
F lap  Angle-Degrees. Ix = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus 653 ... 
L e f t  F l a p  Angle-Degrees. IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

L e f t  Rotor Yawing Moment C o e f f i c i e n t  Versus 
L e f t  F l a p  Angle --Degrees. IN = l S O .  F u l l  
Sca l e  Airspeed 180 Knots. 

Right Rotor Thrust  C o e f f i c i e n t  Versus Right  
F l ap  Angle -Degrees. IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

Right Rotor Power C o e f f i c i e n t  Versus Right 
F l a p  Angle -Degrees. IN = 15O. F u l l  S c a l e  
Airspeed 180 Knots. 

Right Rotor Normal Force C o e f f i c i e n t  Versus 
Right  F l a p  Angle -Degrees. IN = 15'. F u l l  
Sca l e  Airspeed 180 Knots. 

Right Rotor S ide  Force C o e f f i c i e n t  Versus Right 658 
F l a p  Angle-Degrees. IN = 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

Right  Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus 659 
Right F l a p  Angle-Degrees. IN = l S O .  F u l l  
Sca l e  Airspeed 180 Knots. 

Right Rotor Yawing Moment C o e f f i c i e n t  Versus 
Right F l a p  Angle -Degrees. IN = 15O. F u l l  
Sca l e  Airspeed i80  Knots. 

661 A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  F l a p  
Angle-Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 
180 Knots. 
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662 A i r c r a f t  S ide  Force C o e f f i c i e n t  Versus L e f t  - 
F l a p  Angle -Degrees. IN = l S O .  F u l l  Sca l e  
Airspeed 180 Knots. 

A i z c r a f t  Axial  Force C o e f f i c i e n t  Versus L e f t  F l ap  
Angle --Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 
3.80 Knots. 

A i r c r a f t  P i t ch ing  Moment C o e f f i c i e n t  Versus 
L e f t  F l a p  Angle -Degrees. IN = 15'. F u l l  
Scale Airspeed 180 Knots. 

A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  
F l ap  Angle-Degrees. IN - 15O. F u l l  Sca l e  
Airspeed 180 Knots. 

A i r c r a f t  Ro l l i ng  Moment C o e f f i c i e n t  Versus 
L e f t  F l ap  Angle-Degrees. IN = 15'. F u l l  Sca l e  
Airspeed 180 Knots. 

A l t .  L e f t  Chord Bending Versus L e f t  F l ap  Angle 
--Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 180 
Knots. 

A l t .  L e f t  F lap  Bending Versus L e f t  F lap  Angle 
--Degrees. IN = 15O. F u l l  Sca l e  Airspeed 180 
Knots. 

A l t .  L e f t  P i t c h  Link Load Versus L e f t  F lap  
Angle-Degrees. IN = 15O. F u l l  Sca l e  Airspeea 
180 Knots. 

A l t .  Right  Chord Bending Versus Right F l ap  Angle 
-Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 180 

Knots. . .  

A l t .  Right  F l ap  Bending Versus Right F l a p  Angle 
--Degrees. IN = l S O .  F u l l  Sca l e  Airspeed 180 
Knots .  

A l t .  Right P i t c h  Link Load Versus Right F l a p  
Angle -Degrees. IN = 15O. F u l l  Sca l e  Airspeed 
180 Knots. 
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12-145 

12-146 

12-147 

12-148 

12-149 

12-150 

12-151 

12-152 

12-153 

12-154 

12-155 

12-156 

12-157 

12-158 

Lef t  Rotor 
IN = 15'. 

Lef t  Rotor 
IN 15'. 

Le f t  Rotor 
RPM. IN = 

Lef t  Rotor 
RPM. IN = 

Lef t  Rotor 
Rotor RPM. 
Knots. 

Lef t  Rotor 
RPM. IN = 

T i t l e  

Thrust Coeff ic ient  Versus Rotor RPM., 
F u l l  Scale Airspeed 180 Knots. 

Power Coef f i c i en t  Versus Rotcr RPM. 
F u l l  Scale  Airspeed 180 Knots. 

Normal Force Coeff ic ient  Versus Rotor 
15O. F u l l  Scale  Airspeed 180 Knots. 

Side Force Coeff ic ient  Versus Rotor 
15O. F u l l  Scale  Airspeed 180 Knots. 

Pitching Moment Coeff ic ient  Versus  
IN = l S O .  F u l l  Scale  Airspeed 180 

Yawing Moment Coef f i c i en t  Versus Rotor 
15O. F u l l  Scale  Airspeed 180 Knots .  

Right Rotor Thrust Coef f i c i en t  Versus Rotor RPM. 
IN = 15'. F u l l  Scale Airspeed 180 Knots. 

Right Rotor Power Coef f i c i en t  Versus Rotor RPM. 
IN = 15'. F u l l  Scale Airspeed 180 Knots. 

- .  
Right Rotor Normal Force Coeff ic ient  V e r s u s  Rotor 
RPM. IN = 15O. F u l l  Scale Airspeed 180 Knots. 

Right Rotor Side Force Coef f i c i en t  Versus Rotor 
RPM. IN = l S O .  F u l l  Scale  Airspeed 180 Knots. 

Right Rotor Pi tching Moment Coef f i c i en t  Versus 
Rotor RPN. IN = 15O. F u l l  Scale  Airspeed 180 
Knots. 

Right Rotor Yawing Moment Coeff ic ient  Versus Rotor 
RPM. IN = l S O .  F u l l  Scs le  Airspeed 180 Knots. 

A i r c r a f t  L i f t  Coeff ic ient  Versus Rotor RPM. 
IN = lSO.  F u l l  Scale Airspeed 180 Knots. 

A i r c r a f t  Side Force CoefZicient Versus Rotor RPM. 
IN = I S 0 .  F u l l  Scale  Airspeed 180 Knots. 
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A i r c r a f t  Axial F o r c e  C o e f f i c i e n t  Ver sus  Ro to r  R ~ M .  687 
IN = l S O .  F u l l  S c a l e  A i r s p e e d  180 Knots.  

A i r c r a f t  P i t c h i n g  Moment C o e f f i c i e n t  Ver sus  Ro to r  6 8 8  
RPM. IN = l S O .  F u l l  S c a l e  A i r s p e e d  180 Knots. 

A i r c r a f t  R o l l i n g  Moment C o e f f i c i e n t  Versus  Rotor : 689 
RPM. IN = l S O .  F u l l  S c a l e  A i r s p e e d  180  Yaots. 

L' . 
A i r c r a f t  Yawing Moment C o e f f i c i e n t  Ver sus  Ro to r  690 
RPM. IN = 15O. F u l l  S c a l e  A i r s p e e d  180  Knots .  

A l t .  L e f t  Chord Bending Versus  Rotor RPM. 
IN = l S O .  F u l l  Scale A i r s p e e d  180 Knots .  

A l t .  L e f t  F l a p  Bending Versus  Rotor RPM. 
IN = l S O .  F u l l  S c a l e  A i r s p e e d  180  Knots.  

A l t .  Left P i t c h  L ink  Load Versus  Ro to r  RPM. 
IN = l S O .  F u l l  S c a l e  A i r s p e e d  iSG i ; r ~ L s .  
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1.0 INTRODUCTION 

This document contains wind tunnel test date obtained on a 

1/4.622 scale dynamically similar model of a tilt rotor air- 

craft which has composite hingeless blades. The test was 

performed under NASA contract NAS2-9015. 

The objective of the test was to generate information on the 

behavior of rotor and airframe effects over a range of flight 

parameters representing the complete operating envelope of the 

tilt rotor vehicle. The information which was required 

included the magnitude and sensitivity of: 

(1) Rotor forces and moments 

(2) Blade loads and pitch link loads 

(3) King rotor interference effects 

(4) Airframe forces and moment 

for values of such flight parameters as: 

(1) Nacelle tilt angle 

(2) Forward speed 

(3) Aircraft attitude in pitch and yaw 

(4) Collective and cyclic pitch control 

(5) Wing flap deflection 

The selection of test points and true variations for parameters 

was made in such a way that a comprehensive s=t of data was 

obtained for all potential flight conditions through hover, a 

wide envelope of transitions, and cruise at speeds up to 300 

knot;. 



The purpose of this acquisition of comprehensive 

rotor and airframe test data is to provide the knowledge and 

basis for understanding rotor and airframe behavior which is 

an essential prerequisite to the development of an efficient 

system of integrated rotor and aircraft controls. 

A secondary objective of the test was to determine the 

feasibility of a control system which minimizes blade loads 

in cruise. The characteristic feature of this system is the 

use of cyclic pitch geared by a simple mechanical linkage to 

the motion of the stick and controi surfaces. These must be 

properly phased and schesuled to achieve good flying qualities 

in all flight regimes, subject to the overall design require- 

ment of an optimal control system to maintain simplicity and 

reliability as far as is consistent with the loads, maneuver 

envelope and flying qualities of the ~iircraft. 

The rotor controls provide a major portion of the control 

capability from hover through the low transition speed range, 

although the conventional control surfaces are operative in 

all regimes of flight including hover. As speed is increased, 

and the aerodynamic surfaces become effective for trim and 

control, the rotor controls can be directed at minimizing 

rotor loads. In cruise the problem reduces to determining the 

rotor control required to maintain minimum loads. Prior to 

this test, a limited amount of full scale experimental data 

existed for transition, and for cruise up to speeds of 192 



knots. This test program extends the range of this data in 

the transition regime, and in cruise flight the range was 

extended up to the simulated speed of 300 knots. 

The data obtained on this test goes a long way toward providing 

the information which is necessary to tackle the job of 

designing an optimized and integrated control system for a 

tilt rotor aircraft using a soft inplane hingeless rotor. 

Work which remains to be done involves reducing the data 

obtained in tkLe test, to an analytical format with forces, 

moments, loads, etc., expressed as functions of the relevant 

flight parameters. This is necessary for two reasons: 

to provide an understanding of the significance 

and relative importance of the parameters which 

will pernit efficient planning of future full 

scale tests 

to provide a set of simple functions representing 

the body of test data, from which the rotor effects 

may be calculated within the context of a real time 

simulation 

This reduction of the test data to analytical functions of the 

parameters is beyond the scope of the current contract. It is 

planned that this additional step will be accomplished in the 

near future under separate funding. 

The data obtained during this test is presented in four volumes. 



Volume I contains a detailed description of the model, the 

test installation, test procedures and data reduction: for 

the convenience of the user, an abbreviated discussion of 

these is included in Volumes 11, I11 and IV. It was felt 

that the amount of data generated was too voluminous to be 

readily presented in a single volume, and Volumes If, I11 and 

IV present all the data in a logical sequence. 



2.0 DESCRIPTION OF MODEL AND DATA FILE SYSTEM 

This  s e c t i o n  of t h e  r e p o r t  con ta ins  an abbrev ia ted  d e s c r i p t i o n  

of  t h e  model and a l s o  an explana t ion  of t h e  o r d e r  i n  which t h e  

d a t a  a r e  presented and i d e n t i f i e s  t h e  va lues  o f  test  v a r i a b l e s  

he ld  cons t an t  i n  any given t e s t  run. 

2.1 Model Descr ip t ion  

The model t e s t e d  i s  a 1/4.622 s c a l e  f u l l  span,  powered conf igur-  

a t i o n  t h a t  i s  Froude sca l ed  from t h e  Model 222  T i l t  Rotor 

Research a i r c r a f t .  Th is  model, shown i n  Figure  1 was provided 

by t h e  c o n t r a c t o r  f o r  t h i s  t e s t  program and has  t h e  fol lowing 

major dynamically-scaled components. 

1. Two 3-bladed r o t o r s  

2. Two n a c e l l e s  

3 .  F u l l  span wing 

4. Fuselage 

5. T a i l  

Bas ic  model dimensions a r e  shown i n  Table 1. The r o t o r s  a r e  

def ined  i n  Figure  2 and have t h e  same aerodynamic and aero- 

e l a s t i c  c h a r a c t e r i s t i c s  a s  t h e  f u l l  s c a l e  r o t o r  b u i l t  under 

NASA c o n t r a c t  NAS2-6505. It has remote c o n t r o l l e d  c o l l e c t i v e  

p i t c h  and two axes c y c l i c  p i t c h  a c t u a t i o n  systems. 

The n a c e l l e s  are joined t o  t h e  wing by a p i v o t  and have remote 

p i t c h  ac tua t ion .  



TABLE 1 

ROTOR 

Number o f  B lades  3 
Radius 33.75 IN.  (85.72 cm) 
Chord ' 4.078 I N .  (10.35 cm) 
mist . . .A 2.5 DEG . 
Airfoil S z c t i o n  23021/23010-1.58 
Solidity . 0.115 
Rotor  Spced (Hover) 3185 RPM 
RoLor Spced ( C r u i s e )  825 RPM 
C o l l e c t i v e  P i t c h  Available -5 .to 65 DEG. 
C y c l i c  P i t c h  A v a i l a b l e  + - 10 DEG. 

NACELLE 

N a c e l l e  P i v o t  P o s i t i o n  . 40% . 
!in E of Wing Chord) 
Rot.or D i s c  Wacel le  P i v o t  D i s t a n c e  -12.33 I N .  (31.31 cm) 

A i r Z o i l  S e c t i o n  
Span (Rotor  g t o  Rotor E) 
chord  . . 
Area 
Aspect  R a t i o  
F lap  i n  % of Chord 
Wing I n c i d e n c e  1 
T n i c k n e s s  - Chord R a t i o  

I 

FUSELAGE 

D i a r e t c r  
Length 

TAIL - HORIZOSTAL 

Area 
Span 
Aspect  Ratio 
Tepcr R a t i o  (CTIP/CROOT) 
Root Chord 
A i r f o i l  S e c t i o n  
Elevators i n  % of Chord 

- 634221 ModiZied 
6.6.76 I N .  (220.37 cm)  
$5.53 IN.  (39.44 cm) 
-9.36 FT.* ( - 8 6 9  M2) 
5 .61  

. 30% 
2 DEG. 
0.21 

r 

. 2.73 F T . ~  ( . 2 5 3  M ~ )  
:10.83 I N .  (27.66 cm) 

4.25 
. ..384 
14 .05  IN. (35.68 an) 
64A010 
44.19 



TABLE 1 (continued) 

TAIL - VERTICAL 
Azea 
Span 
Aspect Ratio  
Taper Ratio  (CTIp/CROOT) 
Root Chord 
A i r f o i l  Sec t ion  
Rudder in % of Chord 

1.77 
* 3 5  

20 .98  IN. ( 5 8 . 2 9  cm) 
' 64AOO8 
50.6 
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The wing is crown mounted and has full span flaps and leading 

edge umbrellas for download alleviation. Flaps are used during 

transition to provide additional lift and the outboard section 

of the flap is used as an aileron for control in conjunction 

% ~ : h  outboard spoilers. 

3 c  wing, fuselage, and empennage are dynamically scaled from 

the Model 222 aircxaft and the rudder and elevator are remotely 

con4.colled. The model was supported on a pedestal mount with 

pitch and yaw capability . 
The priraary instrumentation includes strain gages to obtarn 

I 

flap, chord and torsion loads at the blade root. A six 

component balance in each nacelle measures the rotox forces 

moments and torque. A six conponmt main balance locatod'in 

the fuselage meibsures aircraft forces and moments. Position 

indicators connected to meters provide a visual display of the 

aircraft control positions which were remotely controlled. 

Each rotor has an RPM and l/rev output. Thermocouple readouts 

provided safety monitoring of critical motor, gearbox and 

cross shaft tearing temperatures. 

The model is powered by a 20 HP, 11,375 RPM electric motor 

manufactured by Task Corporation. The motor drives a 3.04:l 

reduction gear box in the center fuselage which is connected 

by cross shafts in the wing to a 3.09:l reduction gear box in 

each nacelle. This provides a total gear reduction from the 

electric motor to rotsr of 9.39:l. 



Photographs of t h e  model and d e t a i l e d  model d a t a  a r e  provided 
\ 

i n  Volume I Reference . 
Figure  3 shows t h e  model mounting on t h e  SRH t e s t s t a n d  which 

provides  p i t c h  and yaw motion t o  t h e  model. The dimensions 

a s soc i a t ed  wi th  t h e  ba lance  c e n t e r s  (both  r a i n  and n a c e l l e  

balances) i n  r e l a t i o n  t o  t h e  hub c e n t e r  arid a i r c r a f t  CG 

r e f e rence  loca t ion  a r e  shown i n  Figure  4. 

The r o t o r  c y c l i c  c o n t r o l s  a r e  no t  l oca t ed  i n  t h e  c l a s s i c a l  

a x i s  sys tAm.  Figure  5 shows t h e  l o c a t i o n  of  t h e  a c t u a t o r s  i n  

t h e  az ina th  and t h e  blade l o c a t i o n  when t h e  p i t c h  arm i s  over 

t h e  ac tua to r .  Th!.s d e f i n e s  che c y c l i c  a x i s  system used on 

test. 

Sign convr 7.tions x e d  f o r  de f in ing  t h e  rnclisurd f o r c e s  and 

monentc a. depic ted  i n  Figure  6 .  The d i r e c t i o n s  shown being 

p o s i t i v e  fo rces  and moments. \ 
P o s i t i v e  p i t c h  and yaw d i r e c t i o n s  a r e  i n  t h e  same sense  a s  

p o s i t i v e  p i t c h  and yaw moments. 

Zn orc?er t o  provide a  ready t ransformat ion  of model d a t a  t o  

f u l l  s c a l e ,  a  t a b l e  of s c a l e  f a ~ t o r s  i s  given i n  Table 2 .  

2.2 Data F i l e  Index System 

Tte procedure adopted on t e s t  is b e s t  e x ~ l a i n e d  by r e f e r r i n g  

t o  Fiqdre  7.  This  f i g u r e  d e p i c t s  =he combinations of  n a c e l l e  

incidence IN and a i r speed  (shown f u l l  s c a l e )  s e l e c t e d  f o r  



Figure 3 .  CENERAL ARRANGLN\ENT ---- AND INSTALLATION ON S W  TEST STAND - -- 
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initial test conditions. Seventeen initial test conditions are 

shown and numbered. Data obtained at conditions 1 through 4 

is to'be found in Volume I. This report contains data from 

conditions 9, 10, 11 & 12 which are .IN = 30°' and 15' at full 

scale airspeeds of 100, 140 and 180 knots. 

The rest of the transition data (conditions 5, 6, 7 and 8 )  

is to be found in Volume I1 and the cruise flight data 

. (conditions 13 through 17) in Volume IV. 

At each initial test condition an approximate aircraft trim 

altitude was set up and the following variables exercised in 

turn, angle of attack, yaw angle, longitudinal cyclic pitch, 

lateral cyclic pitch, coliective pitch, wing flap setting and 

RPM. Each data file corresponding to an initial flight 
. . 
condition contains the six components of force and moment (and 

power) on the left rotor, the right sotor and also the total 

airframe forces and moments. This data is followed by alternating 

chord bending,flap bending and pitch link loads on the left and 

right rotor respectively. The test variables are first plotted 

versus a then yaw, etc. as depicted in Table 3. Each appendix 

number corresponds to a flight condition. For example appendix 

9 corresponds to flight condition 9 which is Ill = 30' at a 

speed which is representative of full scale 100 knots. Thus 

Figures 9-001 through 9-024 are ths measured data as functions 

of a. Figures 9-025 through 9-048 are the measured data as 
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TRANSIT ION DATA ORGANIZAT ION 

LEFT ROTOR 

RIGHT ROTOR 

TOTAL AIRCRAFT 

ALT CHORD BENDING LEFT 

ALT FLAP BENDING LEFT 

ALT P I T C H  L l N K  LOAD LEFT 

ALT CHORD BEND RT 

ALT FLAP BEND RT 

ALT P ITCH L l N K  LOAD RT 

ao 
YAW 
L O N G I T U D I N A L  C Y C L I C  

VS L A T E R A L  C Y C L I C  

TABLE 3 ,  TEST VARIABLE PLOTTING SEQUEidCE 
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functions of yaw angle and so on. This organization and 

sequencing of test information is only changed when measured 

data were found to be spurious for reasons of in~trume~~tation 

failure, etc. as noted in the instrumentation log given in 

Volume I. 

Section 3 of this report contains notes pertaining to the 

data sets shown in this document and provides an account of 

the cases where data was found to be in error and discarded 

and also those cases where although no proof of error is 

apparent the information should be treated with caution. 

Fortunately, these cases amount to a small fraction of the 

overall results. 

One further notation is necessary before the data provided can 

be usefully interpreted. During a run where one test variable 

is being exercised it is necessary to know the constant values 

of the other test variables. These data are identified in 

Table 4 for test conditions 9 through12 and are referenced by 

data set number, figure number and test variable name all of 

which are also given on the corresponding data graphs in the 

appendix. Thus for data set 9 the test constants during the 

angle of attack sweep on Run 89 (Data figures 9-001 to 9-024) 

can be obtained from Table 4 as 

V Full Scale (Kts) 

afuse 

99 Kts. 

Variable 
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3.0 DATA DESCRIPTION 

The t e s t  dd t a  provided i n  t h i s  t e s t  vulume were obmined  on 

t e s t  runs 89 through 102 and 111 through 125. A 103 of t h e  

t e s t  program can be found i n  Volume I ,  Reference . The 

pu2pose of t h i s  s e c t i o n  i s  t o  make t h e  u s e r  aware of test 

condi t ions  o r  problem a r e a s  which impact t h e  i n t e r p r e t a t i o n  

of t h e  information obtained. A complete Log of instrumenta- 

t i o n  changes i s  provided i n  Volume I ,  Referenor . 
I n  t h e  four  d a t a  s e t s  provided i n  t h i s  volume, t h e  only  important  

problem t o  bear  i n  ;,And i a  t h a t  t h e  r i g h t  hand r o t o r  s i d e  fo rce  

c h n n e l  was discovered t o  be s a t u r a t i n g  on run 82 and s e t  t o  

zero u n t i l  run 96 .  For t h i s  reason t h e  r i g h t  hand r o t o r  s i d e  

force  and yawing moment d a t a  i n  d a t a  set 9 have been de l e t ed .  

The calibraz-*on procedure f o r  t he  n a c e l l e  balances was such t h a t  

t h e  ca l ib ra t io r .  c e n t e r  was taken a s  t h e  hub c e n t e r  l i n e .  T h i s  

means t h a t  t h e  i n t e r a c t i o n  of s i d e  f o r c e  on yaw moment i s  q u i t e  

l a r g e  and both channels a r e  s e r i o u s l y  a f f ec t ed .  The o t h e r  

r i g h t  r o t o r  d a t a  channels a r e  included s i n c e  t h e  i n t e r a c t i o n s  

a r e  not  l a rge ;  however, i n t e r p r e t a t i o n  t h c  r i g h t  r o t o r  

balance da t a  must proceed with  caut ion.  

On run 96 and a l l  subsequent runs  t h e  l e f t  hand r o t o r  side fo rce  

s i g n a l  was fed i n t o  the  r i g h t  hand s i d e  fo rce  channel w i t h  an 

i nve r t ed  s ign  t o  preserve s ign  conventions. F,dr t a t a  Sets 1 0 ,  

11, and 1 2 ,  t h e  r i g h t  r o t o r  s i d e  fo rce  d a t a  r e f l e c t s  t h e  l e f t  

r o t o r  s i d e  fo?-ce raw s i g n a l  processed y i t . ,  t h e  r i g h t  r o t o r  da t a .  
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This procedure should yield reasonable right- hand rotor results 

for symmetric test conditions; however, the left rotor data 

should be considered ix be the more precise of the two measure- 

ments. 



F i g u r e  9-001. L e f t  R o t o r  T h r u s t  C o e f f i c i e n t  V e r s u s  Angle of A t t a c k .  

L.. 
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Figure 9-002.  Left. Rotor Power Coefficient Versus Angle of Attack. 
IN = 30° Full Scale Airspeed 100  Knots. 
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Figure 9-001 Right Rotor Thrust Coefficient Versus Angle of 
- . I  Attack. IN = 30° Full Scale Airspeed 100 Knots. 
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Figure 9-011. Aircraft  L i f t  Coef f i c i ent  Versus Angle of Attack. - 
IN = 33'  Ful l  Scale  Alrspeed 100 Knots. -" . .. ....-.-.-- l r---.-.-.---m-7- ---.I - -vV-- -C-t~c-..cr..,r --... ,...- ,.- ,. ..* .., .--. C-.,C* -.-,*,.- .,-*.-- 
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9-01;, A i r c r a f t  S i d e  ldorsr C o e f f i c i e n t  Versus  Rngie of . . . 
I A t t a c k .  IN = 30° Fc11 Scale A i r s p e e d  100  Knots. 



Aircraft Axial Force Coefficient Versus Angle of - Attack. IN = 30° Full Scale Airspeed 100 Knots. 
..:. 
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Frgure  9-017.  A l t .  L e f t  Chord Bendir:g V e r s u s  Rotor A n g l e  of 
A t t a c k .  IN = 30' F u l l  S c a l e  A i r s p e e d  100  Knots. 

. .. .. . 7 . .  , 



Figure 9-018. A l t .  Le f t  Flap Bending V e r s u s  Rotor A n g l e  of 
A t t a c k .  IN = 30° Full S c a l e  Airspeed 100 Knots. C 



Figure 9-019. A l t .  Left  Pitch Link Load Versus Rotor Angle of 
Attack. IN = 30' Full Scale Airspeed 100 Knots. 





Figure 9-021. A l t .  Right Flap Bending Versus Rotor Angle o f  
Attack. IN = 30° F u l l  Scale  Airspeed 100 Knots. 
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Figure 9-023. Left Rotor Thrust Coefficient Versus Yaw Angle Q 

Degrees. IN = 30° Full Scale Airspeed 100 Knots. 
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Figure 9-027 Left Rotor Pitching Moment Versus Yaw Angle ?. I I 

Degrees. IN = 30° Full Scale Alrspeed 100 Knots. .. . . . 
-3- .- . 
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, Figure 9-029. Right Rotor Thrust Coefficient Versus Yaw Angle 
.... % Degrees. IN = 30° Full Scale Airspeed 100 Knots. ..: 
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P Figure 9-043. A l t .  Right Flap Bending Versus Yaw Angle ". Degrees. 
- 30° Full Scale Airspeed 100  Knots. IN - .*. .: .t -. . , 







Figure 9-046. Left Rotor Power Coefficient Versus Left Rotor Long. 
Cyclic Q Degrees. IN = 30' Full Scale Airspeed 100 
Knots. 
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Airspeed 100 Knots. 
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. ,  . , 4; :' -3 Figure 9-050. Left Rotor Yawing Moment Versus Left  Rotor Long. .. +. 

Cycl ic  % Degrees. IN = 30° Fu l l  Scale  Airspeed ..*.I:.:: .. I . . .. ~... - .. .. .. . .. 
100 Knots. 
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Figure  9-052-  Right  Rotor Power C o e f f i c i e n t  Versus Right  Rotor 
Long. C y c l i c  Q Degrees. IN = 30' F u l l  Scale 
Airspeed 1 0 0  Knots. 
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182 8 0  





Data Deleted 

Refer to Section 3.0 



p Figure  9-054- Right  Rotor P i t c h i n g  Moment Versus Right  Rotor J 
: I 

Long. Cyclic 'L Degrees. IN = 30' ~ u l l  Scale . - 
A Airspeed 100 Knots. - I 
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. 
ilgure 9-056. Aircraft Side Force Coefficient Versus  eft Rotor 

::-:I Long. Cyclic % Degrees. IN = 30' Full Scale 
.... -.t Airspeed 100 Knots. 
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F i g u r e  9-05?. A i r c r a f t  A x i a l  F o r c e  C o e f f i c i e n t  Versus  L e f t  Rctor 
Long. C y c l i c  % Degrees .  IN = 30' F u l l  S c a l e  

-... A i r s p e e d  100 Knots.  





F i g u r e  9-059. A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus  L e f t  
R o t o r  Long. C y c l i c  Q Degrees .  IN = 30° F u l l  Scale 
A i r s p e e d  100 Knots.  
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Airspeed 100 Knots. 





Figure 9-062 .  ~ l t .  Left F l a p  Bending Versus Left Rotor Loag. 
Cyclic % Degrees. IN = 30°  F u l l  Scale Airspeed 
1 0 0  Knots. 
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Cyclic % Degrees. IN = 30°  Full Scale Airspeed 
100 Knots. 
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Figure  9-065 A l t .  Right  F lap  Bending Versus Right  Rotor Long. 
C y c l i c  % Degrees. IN = 30° F u l l  S c a l e  Airspeed 
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'k Figure 9-067. Left Rotor Thrust Coefficient V&rsus   eft Rotor 
Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 100 Knots. 





Figure 9-069. L e f t  Rotor Normal Force Coefficient Versus Left 
Rotor L a t .  Cyclic - Degrees. IN = 30' Full  Scale 
Airspeed 100  Knots. 

BVWT 182 









Figure  9-073. Right  Rotor Thrus t  C o e f f i c i e n t  Versus Right  L a t .  
C y c l i c  Q Degrees. IN = 30' F u l l  S c a l e  Airspeed 
100 Knots. L. 





Figure 9-075. Right Rotor Normal Force Coefficient Versus Right 
. .. Rotor Lat. Cyclic % Degrees. IN = 30' Full Scale 

+-- Airspeed 100 Knots. 
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Right Rotor Lat. Cyclic % Degrees. IN = 30' Full 
Scale Airspeed 100 Knots. 
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Figure 9-083. Alt. Left Chord Bending Versus Left Rotor Lat. 
Cyclic Q Degrees. IN = 30' Full Scale Airspeed 
lo? Knots. 



1 F i & A  9-084. al t .  L e f t  F l a p  Bending v e r s u s  L e f t  Rotor  at. 
Cyc l i c  Q Degrees. IN = 30° F u l i  S c a l e  Airspeed - . ., 100 Knots. 



c: Figure 9-085. Alt. Left Pitch Link Load Versus Left Rotor Lat. 
Cyclic Q Degrees. IN = 30' Full Scale Airspeed 
100 Knots. 
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Rotor Collective % Degrees. IN = 30° Full Scale 
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Figure 9-096.  Right Rotor Power Coefficient Versus Right Rotor a: 
Collective % Degrees. IN = 30' Full Scale - . .. . . - . ... . . . 

.+ - .  Airspeed 100 Knots. .-- .- --- --. . . -. *-. 
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9-103- Aircraft Yawing Moment Coefficient Versus Left . . . .  .... 1':. 

Rotor Collective ?. Degrees. IN = 30° Full Scale yk :-. 
Airspeed 100 Knots. 
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--.-+ A Figure 9-105 Alt. Left Chord Bendins Versus Left Rotor Collective 
- % Degrees. IN = 30° Full Scale Airspeed 100 Knots. 
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Figure 9-109. Alt. Right Flap Bending Versus Right Rotor +i 
Collective % Degrees. IN = 30' Full Scale Airspeed 
100 Knots. --.; : - . I  









"K.2 Figure 9-113. Left Rotor Normal Forcs Coefficient Versus Left 
Flap Angle Q Degrees. IN = 30° Full Scale Airspeed 
100 Knots. 



Angle Q Degrees. IN = 30. Full Scale Airspeed 





Figure 9-116. Lef t  Rotor Yawing Moment Coef f i c i ent  Versus L e f t  
Flap Angle % Degrees. IN = 30° F u l l  Scale  Airspeed -.. -. 
100 Knots. --* . .+ - .. . . . 
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Figure 9-119. Right Rotor Normal Force Coefficient Versus Right - 
Flap Angle Q Degrees. IN = 30° Full Scale Air- 

153 B V W  182 
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.,.* . 
Figvre 9-121. Aircraft Lift Coefficient Versus Left Flap Angle I. $ 

Degrees. IN = ? O O  Full Scale Airspeed 100 Knots. :I ' . - 





.-. . - 1  Figure 9-1230 Aircraft Axial Force Coefficient Versus L e f t  Flap 
-. t Angle % Degrees. IN = 30° F u l l  Scale Airspeed 

100 Knots. 
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Figure 9-131. Alt. Right Flap Bending Versus Right Flap Anqle Q 

. .- - -C ... Degrees. IN = 30° Full Scale Airspeed 100 Knots. 
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Figure 9-140. Right Rotor Iower Coefficient Versus Fptor RPM. 
I-{ = 30° Full Scale Airspeed 100 Knots. --. . , 
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F i g u r e  10-005. L e f t  Rotor  P i t c h i n g  Moment Versus  Angle of A t t ack .  - 
IN = 30° Full Scale Airspeed  140 Knots.  -- 
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'- Figure 10-008. Righ t  Rotor  Power C o e f f i c i e n t  Yersus Angle of 
... At t ack .  IN = 30° Full S c a l e  A i r speed  140 Knots.  - 
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Figure 10-017. Aircraft Yawing Moment Versus Angle of Attack. 
IN = 30' Full Scale Airspeed 140 Knots. 
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ircraft Rolling Moment Versus Angle of Attack. 
IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 10-020. Alt. Left Flap Bending Versus Rotor Angle of 
-. Attack. IN = 30' Full Scale Airspeed 140 Knots. 









I F i g u r e  10-024-  A l t .  R i g h t  P i t c h  L i n k  Load V e r s u s  Rotor Angle of 
P- A t t a c k .  I~ = 30' F U ~ L  S c a l e  A i r s p e e d  140  Kno t s .  
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Figare 10-039. Aircraft Axial Force Coefficient Versus Yaw Angle 
% Degrees. IN = 30°  Full Scale Airspead 1 i G  Knots. 
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Figure 10-049- Left Rotor Thrust Coefficient Versus Left Rotor 
Long. Cydlic % Degrees. IN = 30' Fuil Scale 
Airspeed 140 Knots. 
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Figure 10-050- Left Rotor Power Coefficient Versus Left Rotor Lo 
Cyclic % Degrees. IN = 30' Full Scale Airspeed 1 
Knots. 
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Rotor Long. Cyclic 2, Degrees. IN = 30° Full 
Scale Airspeed 140 Knots. 
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Fiqre 10-055. Right Rotor Thrust Coefficient Versus Right Rotor 
..-. 
. .- - 
.. --. . , Long. Cyclic s Degrees. IN = 30' Full Scale Air- 

speed 140 Knots. . -.. 6 . . 



Figure 10-056- Right Rotor Power Coefficient Versus Right Rotor 
Long. Cyclic a Degrees. IN = 30' Full Scale Air- 
speed 140 Knots. 
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Figu re  10-057. Right  Rotor  Normal Force C o e f f i c i e n t  Versus R igh t  

. .- . . Rotor Long. C y c l i c  T, Degrees. IN = 30° F u l l  S c a l e  
, ... . . Airspeed  140 Knots. 



Figure 10-058 Right Rotor Side Force Coefficient Versus ~ i g h t  *.--. - .-.. 
Rotor Long. Cyclic s Degrees. I* = 30' f u l l  Scale 5. -&.- . 
Airspeed 140 Knots. 
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L ..., -+ Figure  10-059. Right  Rotor P i t c h i n g  Moment Versus Right  Rotor - Long. C y c l i c  % Degrees. IN = 30° F u l l  Scale 
.f . 1 Airspeed 140 Knots. --. 
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igure 10-060. Right Rotor Yawing Moment Versus Right Rotor Lon 
Cyclic s Degrees. IN = 30° Full Scale Airspeed 
140 Knots. . - 
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Figure  10-0619 A i r c r a f t  L i f t  C o e f f i c i e n t  Versus L e f t  Rotor Long. 
Cyc l i c  % Degrees. IN = 30' F u l l  S c a l e  Airspeed 

... 140 Knots. 





Figure 10-063 Aircraft Axial Force Coefficient Versus Left R o t ~ r  . . 
. -. Long. Cyclic 'L tegrees. IN = 30' Full Scale Air- 
.. speed 140 Knots. 
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L ... Figure 10-065. A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus Le f t  -. 

. . Rotor Long. C y c l i c  % Degrees.  I N  = 30° F u l l  S c a l e  I - 
Airspeed 1 4 0  Knots. - -. . . --- 
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140 Knots. 
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140 Knots. 



Cyclic % Degrees. IN = 30° Full Scale Airspee 
140 Knots. 
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. . 
Lat. Cyclic % Degrees. IN = 30° ~ u l l  Scale .. . 

Airspeed 140 Knots. 



Figure 1 0 - 0 7 4 .  Left Rotor Power Coefficient Versus Left Rotor Lat. 
Cyclic n, Degrees. IN = 30' Full Scale Airspeed 
140  Knots. 
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. . H Figu re  10-075- L e f t  Rotor Normal Force c o e f f i c i e n t  Versus  L e f t  +- 

' t: - Rotor  La t .  C y c l i c  % Degrees. IN = 30' F u l l  S c a l e  -. 
Airspeed 1 4 0  Knots.  --. 
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Figme 10-076 L e f t  Rotor Side Force Coefficient Versus Lei t ilotor 
Lat. Cyclic % Degrees. IN = 30' Full Scale Air- 
speed 1419 Knots. . . 
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.3 Figure 10-077.  Left R o t o r  P i t c h i n g  Moment C o e f f i c i e n t  V e r s u s   eft 
R o t o r  Lat. Cyclic % D e g r e e s .  IN = 30° F u l l  S c a l e  
A i r s p e e d  140  Kno t s .  -- 
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Figure 10-079 Right Rotor Thrust Coefficient Versus Right Rotor --{ 
Lat. Cyclic T, Degrees. IN = 30° F u l l  Scale Air- 

. speed 140 Knots. 
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L a t .  C y c l i c  % Degrees. IN = 30° F u l l  S c a l e  A i r -  ... , s p e e d  1 4 0  K n o t s .  .... ,... .. 



Figure 10-081. Right Rotor Normal Force Coefficient Versus Right 
Rotor Lat. Cyclic % Degrees. IN = 30' Full Scale 
Airspeed 140 Knots. 





re 10-083. R i g h t  Rotor  P i t c h i n g  Moment C o e f f i c i e n t  Versus  
R i g h t  Rotor  L a t .  C y c l i c  % Degrees IN = 3C0 F u l l  
S c a l e  A i r s p e e d  140 Knots.  3. 
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e 10-086. Aircraft SideeForce Coefficient Versus Left Rotor E@ .-- -. - 4..  . 

Lat. Cyclic Q, Degrees. IN = 30° Full Scale Air- ...-.. 
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::i - Figure 10-087. Aircraft Axial Force Coefficient Versus Left Rotor I - Lat. Cyclic % Degrees. IN = 30° Full Scale ~ i r -  --- -. 
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. . - . , speed 140 Knots. 
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Figure 10-090. Aircraft Rolling Moment Coefficient Versus Left 
Rotor Lat. Cyclic % Degrees. IN = 30° Full Scale 
Airspeed 140 Knots. 
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Figure 10-095. A l t .  Right Flap Bending Versus Right Rotor LaL. 
... Cycl ic  % Degrees. IN = 30° F u l l  Scale  Airspeed 

1140 Knots. 





Figure 10-097- Left Rotor Thrust Coefficient Versus Left Rotor 
Collective % Degrees. IN = 30° Full Scale A i r -  
speed 140 Knots. 



I 
D238-10000-3  

i . B,M j a e  j udoss~11 j. . ' 
1 I 1 I I I 

t .  I ' 
1 

..... i i . . . I . L ~ ) U ) .  I i . .  ; .  ' I . . :  - . . . . .  1 i 
I I rrttr 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
i ! ' 1 ' - " '  

b . i .. . i  ..., . .  1. ..... ! ........ i . .  I .. I ........... - - - .  . 
.- Figure 10-098. Left Rotor Power Coefficient Versus Left  Rotor { .-- -1 - .4 

Collective % Degrees. IN = 30° F u l l  Scale A i r -  - 
speed 140 Knots. - 

2 9 0  BVWT 182 



D23Y-10000  3 

:Fr 62 SET 61 
'V 182 291 B V W T  102 



.--A- t Figure 10-100. left Rotor Side Force Coefficient Versus L e f t  
. .. Rotor Collective % Degrees. IN = 30° Full Scale 
A- ..... . 

Airspeed 140 Knots. 
-- -- -A ~~::~~:.:r.T-TT~7.T-73~T.~y:::F-r:::~:::~ -.,.. 4.. -,-..,-A 7. .V*,&, , +- -4 ...& . . - T r q  . .-, --TT.A--.,-. ., -..+. *.-. 4 

61 I T  
292 

SET 61 
182 BVUT 182 



! D238-10000-3 

Figure 10-101- Left Rotor Pitching Moment Coefficient Velsus Left 
Rotor Collzctive % Degrees. IN = 30' Full Scale 
Airspeed 140 Knots. 
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Figure 10-103 R i g h t  Rotor Thrust Coefficient Versus Right Rotor 
+- Collective % Degrees. IN = 30° Full Scale Airspeed 

-. . . . 140 Knots. 
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e 10-104. Right Rotor Power Coefficient Versus Right Rotor 
II ... -..-. 
.& . . .... 

Collective Q Degrees. IN = 30' Full Scale Airspeed 
140 Knots. 
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I - ~ i g u r e  10-105 Right Rotor Normal Force C o e f f i c i e n t  Versus Right 
Xotor C o l l e c t i v e  % Degrees. IN = 30° Full Scale 
Airspeed 140 Knots. 
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4 F i g u r e  10-107 R i g h t  Ro to r  P i t c h i n g  Moment C o e f f i c i e n t  Versus  
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Figure 13-109. Aircraft Lift Coefficient Versus Left Rotor 
Collective % Degrees. IN = 30' Full Scale Air- 
speed 140 Knots. -.-. 









Figure 10-113. Aircraft Yawing Moment Coefficient Versus Left 
Rotor Collective 'L Degrees. IN = 30" Ex11 Scale 
Airspeed 140 Knots. , ..". ......... ! . ' I : ! ' . '  . . .  I .  
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I-' Figu re  10-116. ~ l t .   eft F l a p  Bending Versus  L e f t  Rotor C o l l e c t i v e  
I- % Degrees. IN = 30° F u l l  Scale Airspeed 1 4 0  Knots. 
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-d I Figure 10-120. Alt. Right Pitch Link Load Versus Right Rotor k Collective % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. 
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Figure 10-121. Left Rotor Thrust Coefficient Versus Left Flap Angle 7-' 
% Degrees. IN = 3 0 °  Full Scale Airspeed 140 Knots. - 
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Figure 10-122.  L e f t  Rotor Power C o e f f i c i e n t  Versus L e f t  Angle 
:I Degrees .  IN = 30' F u l l  S e s l e  Airspeed 140 Knots.  . .. - . . .  







[ F i g ~ r e  10-125. irft. Rotor Pitching Moment Coefficient Versus Left 
Flap Angle % Degrees. IN = 30° Full Scale Airspeed 
140 Knots. . . 
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Figure 10-126 left Rotor Yawing Moment Coeff isient Versus Left 

Flap Angle ?. Degrees. IN = 30° Full Scale Airspeed 
140 Knots. ' - 
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. -. . .... :--- .. . - Figure 10-127. Right Rotor Thrust Coefficient Versus Right Flap 
- - Angle s Degrees. IN = 30' Full Scale Airspeed -- .- A - ..,- ,. . - 140 Knots. ...- 





# Figure 10-129- Right Rotor Normal Force Coefficient Versus Right 
- .. Flap Angle % Degrees. IN = 30° Full Scale Air- 
. .- 

speed 140 Knots. . . 





, Figure 10-131. Right Rotor P i t ch ing  Moment C o e f f i c i e n t  Versus Right 
. .. 
.. ... . 

Flap Angle I. Degrees. IN = 30° F u l l  Sca l e  Airspeed 
-. 140 Knots. 



Figure 10-132. Right Rotor Yawing Moment Coefficient Versus Right ... - .. . -. . . ...., Flap Angle % Degrees. IN = 30' Full Scale Airspeed 
140 Knots. .... .- .... :..::1 - --. .- . ... . 
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Figure 10-134. Aircraft Side Fort.- Coefficient Versus   eft   lap - ... . 

Angle s Degrees. T N  = 30. Full Scale Airspeed 
140 Knots. 
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Figure 10-135. Aircraft Axial Force Coefficient Versus Left Flap - 
Angle % Degrees. IN = 30° Full Scale Airspeed - 
140 K~iots. -- 
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Flap Angle Q Degrees. IN = 30' F u l l  Sca l e  Air- 
speed 140 Knots. 
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Figure 10-137. Aircraft Yawing Moment Coefficient Versus Left Flap 
Angle c Degrees. $ = 30° Full Scale Airspeed 140 
Knots. 





Figure 10-139. Alt. Left Chord Bending Versus Left Flap Angle Q 

Degrees. IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 10-142. A l t .  Right Chord Bending Versus Right Flap Anglr 
% Degrees. IN = 30° F u l l  Scale Airspeed 140 Knots. 















ti Figure 10-149. Left Rotor Pitching Moment Coefficient Versus 
Rotor RPM. IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 10-151. light Rotor Thrust Coefficient Versus Rotor RPM. 

IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 10-152. Right Rotor Power Coefficient Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 10-153 - Right Rotor Normal Force Coefficient Versus Rotor 
RPM. IN = 30' Full Scale Airspeed 140 Knots. 
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I Figure 10-162. Aircraft Yawing Moment Coefficient Versus Rotor 
: .:i - . .- RPM. IN = 30°  Full Scale Airspeed 1 4 0  Knots. .. . I  
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Figme 10-165. Alt. Left Pitch Link Iuad Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 140 Knots. 
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Figure 11-007. Right Rotor Thrust Coefficient Versus Angle of 
Attack. IN = 30°Full Scale Airspeed 180 Knots. -.. 





Figure 11-009. Right Rotor Normal Force Coefficient Versus 
Angle of Attack. IN = 30O~ull Scale Airspeed 
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.. . 180 Knots. 





....+ - -4. ... . - . .. F i g u r e  11-011. R i g h t  Rotor  P i t c h i n g  Moment Versus  Angle of  
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Figure 11-022. Alt. Right Chord Bending Versus Rotor Angle of 
..... t Attack. IN = 30° Full Scale Airspeed 180 Knots. 



Figure 11-023. A l t .  Riqht Flap Bending Versus Rotor Angle o f  
2 F Attack. IN = 3C0 Fu l l  Scale  Airspeed 180 Knots. .. . & 







f Figure 11-026. Left Rctor Power Coefficient Versus Yaw Angle Q 

r- Degrees. IN = 30° Full Scale Airspeed 180 Knots. - -- 
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- F i g u r e  11-028.  L e f t  R o t o r  S i d e  F o r c e  C o e f f i c i e n t  V e r s u s  Yaw .. .. 
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.Figure 11-034. Right Rotor Side Force Coefficient Versus Yaw 

180 Knots. 
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Figu.re 11-037. Aircraft L i f t  Coefficient Versus Yaw Angle --:-- i 
. j F Degrees. IN = 30. Full Scale Airspeed 180 Knots. .-i 



F L ~ u r e  11-038. Aircraft Sj&? Force Coefficient Versus Yaw Angle 
Degrees. IN 30° Full Scale Airspeed 180 Knots. 
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Figu re  1 1 - 0 4 2 .  A i r c r a f t  Ro l l i ng  Moment Versus Yaw P:l$ile Q 

- !- Degrees.  IN = 30° F u l l  Scale Airspeed 180  Knots.  
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-I.-- F i g u r e  11-043- A i t .  L e f t  Chvrd Bending Versus Yaw Angle  "v 
I 

Degrees. IN = 30° Full Scale Airspeed 180 Knots .  I 
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C Figure 11-044. Alt. Left Flap Bending Versus Yaw Angle Q - -1 
Degrees. IN = 30' Full Scale Airspeed 180 Knots. I 
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Degrees. IN = 30° F u l l  S c a l e  Airspeed 1 8 0  Knots. 



r e  1 - 0 6  . Alt. Fight Chord Bending Versus Yaw Angle ^Y 1 
Degrees. IN = 3Q0 Full Scale Airspeed 180 Knots. 





r- F i g u r e  11-048.  ~ l t .  R i g h t  P i t c h  Link Load Versus  Yaw ~ n g l e  
Degrees.  = 30° F u l l  S c a l e  A i r s p e e d  le0 Knots -  i 
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' Figure 11-051. Left Rotor Normal Force Coefficient Versus ' f t  
Rotor Long. Cyclic pb Degrees. IN = 30' Ful i- 4 
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..- Figure 11-056. Right Rotor Power Coefficient Versus Right Rotor . ... 

Long. Cyclic % Degrees. IN = 30' Full Scale :I: .- 
Airspeed 180 Knots. + 
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Figure 11-058. Right Rotor Side Force Coefficient Versus Right 
Rotor Long. Cyclic % Degrees. IN = 30° Full 
Scale Airspeed 180 KnotF 
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Figure 11-061. Aircraft Li f t  Coefficient Versus Left Rotor Long. 6--t 
Cyclic % Degrees. IN = 3!1° Full Scale Airspeed - . , 

4 2 1  



a Figure 11-062. Aircraft Side Force Coefficient Versus Left Rotor 
Long. Cyclic % Degrees. IN = 30' Full Scale 
Airspeed 180 Knots. 
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Figure 11-063. Aircraft ~ : . l a l  Force Coefficient Versus L e f t  
. : ' I  : . . . .. . , . Rotor Long. 'yclic 5 Degrees. IN = 30' F'ull 
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Rotor Long. Cyclic % Degrees. IN = 30' ~ u l l  

Scale Airspeed 180 Knots. 
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Figcre 11-066. Aircraft Rdlli~g Momert Coefficient Versus 
Left Rotor Long. Cyclic Degrees. IN = 30' 

t .- .- Full Scale Airspeed 180 Knots. 
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C-- Figure 11-075. Left Rotor Normal Farce Coefficient Versus L e f t  1 - Rotor Lat. Cyclic % Degrees. IN = 30e Full F a  1 
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.- : - Figure 11-078. Left Rotor Yawing Moment Coef f i c i ent  Versus 
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I--- F i g u r e  11-087. A i r c r a f t  A x i a l  F o r c e  C o e f f i c i e n t  Versus   eft 
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.& Fidure 11-089. Aircraft Y~wing Moment Coefficient Versus Left 1 
Rotor Lat. Cyclic % Degrees. IN = 30° Fuli 
Scale Airspeed 1 8 0  Knots. 

-.---. .. .- I..- J .... 4 .-.- 1 .:-. 1 .I-: t. .$.+:'.. +::r"- -zzx.-. ..-. -.- .... -. . ..- --. , . . .Tz: :-:- --. .. .. 
. . . . . - . . . . . - . , . ,. . , . f ,.-3 ..-,-... i.-.i ..-- 1 .... 4 ..-I.- -1 .... f-..+.. f ... I:. . I . - .  ] . .l.:. i::.:i:- .i . I . f I - .  .; 

I SET 72 
3 4 9  BWT La2 



SET 72 
4 5 0  BVWT 18? 



SET 7 7  
B V W T  102 



D238-10000-3  1 

Bending Versus L z f t  Rotor L a t .  
es. IN = 30° Full Scale Airspeed 

7 2 
182 







Figure  11-095. A l t .  Right  F l ap  Bending Versus Right  Rotor La t .  
Cyc l i c  % Degrees. IN = 30° F u l l  S c a l e  Airspeed 
180 Knots. 
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-4 rigure 11-099. Left Rotor Normal Force coefficient versus  eft -+  I 
.. . Rotor Collective Q Degrees. IN = 30° Full Scale 

Airspeed 180 Knots. 
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re 11-106. Right Rotor Side Force Coefficient Versus Right. -- 
Rotor Collective % Degrees. IN = 3 0 °  F u l l  Scale ! .  
Airspeed 180 Knots. - 



F l g u r e  11-107. R i g h t  R o t o r  P i t c h i n g  Moment C o e f f i c i e n t  V e r s u s  - -- 
R i g h t  R o t o r  C o l l e c t i v e  % Degrees .  IN = 30'  F u l l  - 
S c a l e  A i r s p e e d  180  Kno t s .  --. . 
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Figure  11-108. Right  Rotor Yawing Moment C o e f f i c i e n t  Versus Right  -&-/ 
Rotor C o l l e c t i v e  % Degrees. IN = 30° F u l l  S c a l e  i 

-1.: .. Airspeed 180 Knots. .. ..- 
- ,- -..* -. 

. . a  . , . . , , , . .  . , ...,- tc-+ .... t- -.+ 
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Figure 11-109. Aircraft Lift Coefficient Versus Left Rotor 
- *  ., .. . 

Collective % Degrees. IN = 30° Full Scale 
. - 1 .  . - Airspeed 180 Knots. 





C ' 

Rotor collective Degrees. IN = 30' Full I 
. , 
. --- .- I Scale Airspeed 180 Knots. I 
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f---j Figure  1 1 - 1 1 2  A i r c r a f t  P i t c h i n g  Moment C o e f f i c i e n t  Versus L e f t  -4 1 -  - - 1  Rotor C o l l e c t i v e  % Degrees. IN = 30' F u l l  Sca le  " i 
Airspeed 1 8 0  Knots. 



r y  - Airspeed 180 Knots. I 
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Airspeed 180 Knots.  
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Figu re  11-116. A l t .  L e f t  r l ap  Bending Versus L e f t  Rotor  
C o l l e c t i v e  Q Degrees.  IN = 30° F u l l  S c a l e  
Airspeed 1 8 0  Knots. 





Figure 11-118. Alt. Right Chord Bending Versus Right Rotor 
Collective Q Degrees. IN = 30° Full Scale 
Airspeed 180 Knots. 
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1- Figure 11-119. A l t .  'iqht Flap Bending Versus Right Rotor I---_ 1 
c o l l e c t i v e  Q ~ e g r e e s .  I~ = 30° Fu l l  S c a l e  
Airspeed 180 Knots. 



, Figure 11-120. ~ l t .  Right P i t ch  Link Load Versus Right Rotor 
C o l l e c t i v e  Q Degrees. IN = 30° Ful l  Sca le  . . 
Airspeed 180 ~ n o t s .  L I -.-I 



/= Figure 11-121. Left Rotor Thrust Coefficient Versus ;eft Flap 
. ,. 

$ . 
Angle Q Degrees. IN = 30' FuJ-1 Scale Airspeed 

. !.. . , 180 Knots. 







I .  . .. . 
-- Figure 1 1 - 1 2 4 .  Lef t  Rotor Side Force Coeff ic ient  Versus Left . . . I  :. 

Angle % Degrees. IN = 30° Fu l l  Scale Airspeed 
1 8 0  Knots. 
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.. . . --+ Fig lre 11-126. Left Rotor Yawing Moment Coefficient Versus - Left Flap Angle % Degrees. IN = 30° Full Scale 
* . -:- " 1 :. 1 .+- . . - ... . .. . Airspeed 180 Knots. .... .- . . .  ---- . .. . - -..:: . . .. - .  . . .. . . - ._ -*... .--*. -.+---, l l - f . .  . , .-.,,.-.-. *- +--.,-- * -----. CCCf .--. - -  . -.? --,....r- --*-- ,--+-~---f----f'-tl^--C------. 
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Figure 11-127. Right Rotor Thrust Coefficient Versus Right Flap 
. .-,. 

. + .  Angle % Degrees. IN = 30° Full Scale Airspeed 
- I -  --.- 180 Knots. 
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I , I i . - I  . -  . . I .  , .. i . .  . ( ,., ( , *  , , , , + ., ,. , ,,. ,-*. .- -+..- , ( , , . ., , i . . - I  Figure 11-128. Right Rotor Power Coefficient Versus Right Flap 
Angle % Degrees. IN = 30' Full Scale ~irspeed 
180 Knots. - .  . I  



speed 180 Knots. 



Coefficient Versus Right 
Flap Angle % Degrees. IN = 30' Full Scale Air- 
speed 180 Knots. !;. ?.. : 
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.-,-- Figure 11-132. Right Rotor Yawing Moment Coefficient Versus --- . . Right Flap Angle % Degrees. IN = 30' Full Scale 

I 
-- 

Airspeed 180 Knots. 
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Figure 11-134. Aircraf t  Side Force C o e f f i c i e n t  Versus Lef t  Flap -- - 1  
Angle z Degrees. IN = ? O O  Ful l  Sca le  Airspeed -4 

t - . .  , 180 Knots. - - . . . . . I 
i t ,  I - R ?  , . 

( * . .  , ... , . , . . . ' 1  1 , . ., 
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i i--- F j v r 2  11-136. Aircraft Pitching Moment Coefficient Versus Left 
I... Flap Angle Q Degrees. IN = 30° Full Scale 
! -- Airspeed 120 Knots. 
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I------.. ~ i g u r e  1'-137. A i r c r a f t  Yawing Moment c o e f f i c i e n t  Versus   eft 
F l a p  Angle % Degrees. IN = 30° ~ u l l  Scale  
Ai rspeed  180 Knots.  
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Figure 11-138. Aircraft Rolling Moment Coefficient Versus Left 
Flap Angle 'b Deurees. IN = 30' Full Scale 

t - - - .  
Air;peed 180 Knots. 
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Figure 11-140 Alt. Left Flap Bending Versus Left Flap Angle ?. 

- Degrees. IN = 30' Full Scale Airspeed 180 Knots. 
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F i g u r e  11-143. A l t .  R i g h t  F l a p  Bending Versus  R i g h t  F l a p  Angle 
1 Q D - y r e e s .  IN = 30° F u l l  S c a l e  A i r s p e e d  180 Knots .  ..., 





Figure 11-145. 





F i g u r e  11-147. L e f t  Ro to r  Normal Force C o e f f i c i e n t  V e r s ~ s  Rotor 
RPY. IN = 30° Full Scale A i r s p e e d  180 Knots .  

-.... .. . , . 
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F i g u r n  11-149 .  Left  Rotor Pitching b!oment C o e f f i c i r n t  l.'ersus F,ctor . 

-. -. RPM. 11, = 30° Full Scale Airspeed  180 Kqots. 
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Figure 11-153. Right Rotor Normal Force Coefficient Versus Rotor I-- - 
RPM. IN = 30° Fuli Scale Airspeed 180 Knots. -- -- . . .  -- 
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F Figure 11-154. Right Rotor Side Force Coefficient Versus Rotor 
.-.:t-:-: 
x: .I - :: 

RPM. IN = 30° Full Scale Airspeed 1 8 0  Knots. 
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11-166. Alt. Right  Chord Bending Versus Rotor RPM. 
IN = 30° Full Scale Airspeed 180 Knots.  
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- F i g u r e  12-005. L e f t  R o t o r  P i t c h i n g  Moment V e r s u s  A n g l e  o f  Attack. 
IN = l S O .  F u l l  S c a l e  A i r s p e e d  180 Knots. 
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12-007. Right Rotor Thrust Coefzicient Versus Angle of Attack.-- 

IN = lSO. Full Scale Airspeed 180 Knots. 



Figure 12-008. Right Rotor Power Coefficient Versus Angle of Attack. 
IN = 15'. Full Scale Airspeed 180 Knots. 
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Figu re  12-009. Right  Aotor Normal Force  C o e f f i c i e n t  Versus Angle of  
.-A 

Attack .  IN = lSO. F u l l  S c a l e  Ai rspeed  180 Knots.  I 

I I . 1 : I : 1 : . I .  1 . I  
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1 F i g u r e  12-014. A i r c r a f t  S i d e  F o r ~ e  C o e f f i c i e n t  Versus  Angle of 
- At tack .  IN = 1 5 O .  F u l l  S c a l e  Ai rspeed  180 Knots. 



I 

F i g u r e  12-015. A i r c r a f t  A x i a l  F o r c e  C o e f f i c i e n t  V e r s u s  Ang le  of _1 

Attack. IN = 15'. F u l l  S c a l e  A i r s p e e d  180 Knot s .  -- -1 
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i F i g u r e  12-017. A i r c r a f t  Yawing Moment Versus Angle o f  At tack .  - IN = 1 5 O .  F u l l  Scale Airspeed  180 Knots. 
-a 
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Figure 12-019. Alt. Left Chord Bending Versus Rotor Angle of 
Attack. IN = lSO. Full Scaie Airspeed 180 Knots. 



Figure 12-020 .  A l t .  L e f t  F l a p  B e n d i n g  Versus R o t o r  A n g l e  of 
A t t a c k .  IN = 15O. Full Scale Airspeed 1 8 0  K n o t s .  



.-.-- 
F i g u r e  12-021. A l t .  L e f t  P i t c h  Link L o a d  Versus R o t o r  Angle of 

.... - F A t t a c k .  IN = 1 5 O .  F u l l  Scale Airspeed 180 K n o t s .  -I 
.. ... I 
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- F i g u r e  12-022. A l t .  R i g h t  Chord Bending Versus  Rotor Ang le  of - Attack.  IN = 1 5 L .  F u l l  Scale Airspeed 180 Knots .  
... 
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Figure 12-023. Alt. Right F lap  Ben2il;g Versus Rotor Angle of 
Attack. IN = 15'. Full Scale Airspeed 180 Knots. 
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F i g u r e  12-025.  L e f t  Rotor T h r u s t  C o e f f i c i e n t  Versus  Yaw Angle- 
Degrees. IN = 15O. F u l l  S c a l e  Ai rspeed  180 Knots. 



1-1; ~ l g u r e  12-026. Left Rotor Power Coefficient Versus Yaw Angle- 
-, - r  ... , Degrees. IN = 1 5 O .  Full Scale Airspeed 180 Knots. 

- 1  i : ; 1 .! 1 . 
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j i F i g ~ r e  12-028. L e f t  itotor S i d e  F o r c e  C o ( : f f i c i e n t  Versus Yaw Angle- 
L .  D e g r e e s .  IN = 15O. F ~ l l  S c a l e  Airspeed 1 8 0  Knots. 

. --. 
- - I  "! - *  . - - I ! - 1  - I . . .  
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Degrees. IN = 15'. Full Scale Airspeed 180 Knots.  -1 
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C Figure 12-032. Right Rotor Power Coefficient Versus Yaw Angle- 
Degrees. IN = 1 5 O .  Full Scale Airspeed 180 Knots. .-. - 4 

YAW ANGLE-DEGREES 
560 





L- 
-Figure 12-034. Right Rotor Side Force Coefficient Versus Yaw Angle- 

Degrees. IN = lSO. Full Scale Airspeed 180 Knots. - 
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Figure 12-335. Right Rotor Pitching Woment Versus Yaw Angle - 
Degrees. Ilq = 1 5 O .  Full Scale Airspeed 130 Knots. - 

! I 



F i g u r e  12-036.  R i g h t  R o t o r  Y a w i n g  i l o m e n t '  versus Yaw A n g l e  - 
D e g r e e s .  IN = 15'. F u l l  Scaie A i r s p e e d  180 Knots. 
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t - i  IN = 1 5 O .  Full Scale Airspeed 180 Knots. 
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- -  F i g u r e  12-038. A i r c r a f t  S i d e  F o r c e  C o e f f i c i e n t  V e r s u s  Yaw Ang le -  C - 
Degrees. IN = 15'. F u l l  S c a l e  A i r s p e e d  180 Knots. 



. . 1 -' Figure 12-039. Aircraft Axial Force Coefficient Versus Yaw Angle - I 

- Degrees. IN = 1 5 O .  Full Scale Airspeed 180 Knots. 7 
. .. 
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F i g u r e  12-041. A i r c r a f t  Yawing Moment Versus  Yaw P n q l e - D e g r e e s .  
I-. :.- IN = 1 5 O .  F u l l  S c a l e  A i r s p e e d  180 K n o t s .  



t F i g u r e  12-042. A i r c r a f t  R o l l i n g  M o m e n t  V e r s u s  Yaw A n g l e - D e g r e e s .  '--- -1 
IN = 15'. F u l l  Scale A i r s p e e d  180 Knots. -4 
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IN = 1 5 O .  Full Scale Airspeed  180 Knots. -:-j . . 
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1 Figure 12-045. ALt. T ~ i i  P i t c h  Link load Versus Yaw Angle- 
1 

Degrees. IN = 1 5 O .  F u l l  Scale Airspeed 180 Knots .  1 
I 

- . . p ~ - - -  i , . . ~ . ; ~ .  .. 
- 0 ~ 3 ~ ~ s  
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-- Figure 12-046. Alt . Right Chord Bending Versus Yaw Angle -- Degrees. - IN = 1 5 O .  Full Scale Airspeed 180 Knots. 

7 B SET 78 
182 5 7 4  B M T  182 



F i g u r e  12-047. lilt. R i g h t  F l a p  Bending V e r s u s  raw Angle  - Degrees .  -1 
IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 Knots .  A . .. I 





Figure 12-049. L e f t  Rotor Thrust Coef f ic ien t  Versus :eit Rotor 
Long. Cyclic - Degrees. IN = 15O. F u l l  Scale 



I- F i g u r e  12-050.  L e f t  R o t o r  Power  C o e f f i c i e n t  V e r s u s  L e f t  R o t o r  t Long. C y c l i c - D e g r e e s .  IN = l S O .  F u l l  S c a l e  
Knot s . 





Figu re  12-052. L e f t  Rotor  S i d e  Force C o e f f i c i e n t  Versus  L e f t  
:y Rotor Long. Cyc l i c -Degrees .  IN = 15'. F u l l  
1 

S c a l e  Airspeed 180 Knots. ...., 
'.:I -- - .  . - -  . . .  -- 1. . . I . .  .+ ...- 4 . .I ..# .... 4.  . . I  . +. AT .r. . I .  - - +  . . . I - .  .{I..c-Tq:'q-fff:':;'TTf _ _  ._L. _ . . _,... '+*".. ""." "" ...-..-. 
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C y c l i c - D e g r e e s .  IN = 1 5 O .  F u l l  Scale A i r s p e e d  
180 Knots. 

5 8 2  



'-. F i g u r e  12-055. R i g h t  R o t o r  T h r u s t  C o e f f i c i e n t  V e r s u s  R i g h t  
R o t o r  L o n g .  C y c l i c - D e g r e e s .  IN = 1 5 O .  F u l l  
S c a l e  A i r s p e e d  180 K n o t s .  







- 1::. F i g u r e  12-058. R i g h t  Ro to r  S i d e  F o r c e  C o e f f i c i e n t  V e r s u s  R i g h t  -::-: 
Rotor  L m g .  C y c l i c  -- Degrees .  IN = 15'. F u l l  
S c a l e  A i r s p e e d  180  Knots .  

5 8 6  BWT 182 



F i g u r e  12-059. R i g h t  Ro to r  P i t c h i n g  Moment Versus  R i g h t  Ro to r  .-. -- .+ . 
Long. C y c l i c - D e g r e e s .  IN = 15 ' .  F u l l  S c a l e  
A i r s p e e d  180 Knots .  

, '., ----..,--.... .,. . '" ,. . - .  
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F i g u r e  12-060. R i g h t  Ro to r  Yawing Moment Versus  R i g h t  Ro to r  
Long. C y c l i c - D e g r e e s .  IN = 15'. F u l l  S c a l e  
A i r s p e e d  180 Knots .  . . ., 





--: . . F i g u r e  12-062. A i r c r a f t  S i d e  Fo rce  C o e f f i c i e n t  Vcrsus  Loft 
- Rotor Long. Cyclic -Degrees. IN = 15'. Full 

Scale Airspeed 180 Knots.  
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- F i g u r e  12-063. Airc ra f t  Ax ia l  F o r c e  C o e f f i c i e n t  V e r s u s  L e f t  
Rotor Long. Cyclic - D e g r e e s .  IN = 1 5 ' .  Full - 
Scale A i r s p e e d  180 K n o t s .  - 
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ET 80 

' 
1 SET 00 

U lB2 5 9 1  EWT 182 



Left R o t o r  Lon?. Cyclic -Degrees. IN = 15'. 
Full Scale Airspeed 180 K n o t s .  
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- i  Figure 12-066. Aircraft Rolling Moment Coefficient Versus 
I - Left Rotor Long. Cyclic -Degrees. IN = 15' 
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I 

Full Scale Airspeed 180 Knots. ... .-. . . . . .  
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1 Figure 12-06 ;  A l t .  Lef t  Chord Bending Versus Left  Rotor 
Cyclic -Degrees. IN = 1 5 " .  Full Scale Airspeed 
180 Knots. 
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. :  F i g u r e  12-069. Alt. L e f t  P i t c h  Link Load Versus  Left Rotor  
Long. Cyc l i c -Degrees .  IN = 15'. F u l l  Scale , . 

. . ., , Airspeed  180 Knots.  
I 



D238-10000-3 

Long. Cyclic -Degrees .  IN = 15'. F u l l  S c a l e  
Airspeed 180 Knots .  
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Figure 12-071. Alt. Right Flap Bending Versus Right Rotor 
Long. Cyclic -Degrees. IN = lSO. Full Scale 
Airspeed 1.80 Knots. 



- Figu re  12-072. A l t .  R igh t  P i t c h  Link Load Versus  Right  Rotor 
Long. C y c l i c  -Degrees.  IN = 15O. Full S c a l e  . . . . .. 
Airspee?  :80 Knots. 



Airspeed 180 Knots. 

L 

F' 79 
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Lat. C y c l i c  -Degrees. IN = 15'. Full Scale 
Airspeed 180 Knots. 

- 

SET 7 9  
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Figure  12-075.  Left ' -$ tor  Normal Force Coefficient V e r s ~ s  Le-t i , C - -. . i - ~  ! Rotor ',at. Cyclic -Degrees. IN = 15'. Full 
Scale Airspeed 180 K n o t s .  1 ...j .. i 



k F i g u r e  12-076 .  L e f t  R o t o r  S i d e  F o r c e  C o e f f i c i e n t  Versus  L e f t  
R o t o r  L a t .  C y c l i c  - D e g r e e s .  Ih = 15'. F u l l  - 
S c a l e  A i r s p e e d  1 8 0  Knots. I-- . . 





._.. F i g u r e  12-078.  Left Rotor Yawing Moment Coefficient v e r s u s  
Left Rotor L a t .  C y c l i c  -- Cegrees. 1.: = 15 '  
F u l l  S c a l e  A i r s p e e d  1 8 0  Knots.  







f igure  "-08" Right Rotor mrml Force m e f i c i e n t  ~ e r s u s  
; ] ' I  

..... - 
. . Right Rotor Lat . Cyclic -Degrees. IN = 15'  . - 
. . Full Scale Airspeed 180 Knots. 

+ 
SET 79 









F i g u r e  1 2 - 0 8 5 .  A i r c r a f t  Lift C o e f f i c i e n t  V e r s u s  L e f t  R o t o r  
L a t .  C y c l i c  - D e q r e e s .  IN = l S O .  F u l l  S c a l e  
A i r s p e e d  180 K n o t s .  



r e  12-086. A i r c r a f t  S i d e  F o r c e  C o e f f i e i r r t  V e r s u s  L e f t  
R o t o r  L a t .  C y c l i c  - D e g r e e s .  IN = 1 5 O .  F u l l  

. . 

S c a l e  A i r s p e e d  180 K n o t s .  -7- 



Rotor Lat. Cyclic -Degrees. IN = 15'. F u l l  
Scale Airspeed 180 Knots. 





f - - ,  0238-1OOOL 3 

0 

Figure 12-089. Aircraft  Yawl:g Mome 

Ful l  Scale A i ~ s p e e d  160 Knots. 

€7 79 
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--.. . 
, , ; , , , , , # . . ; . ./ :- F i g u r e  12-090. A i r c r a f t  R o l l i n g  Moment Coef f i c i e n t l  Versus  

1 . , . a , . , , . 

. . -.- .. 

... .. .. 
L e f t  Rotor  L a t .  C y c l i c - D e g r e e s .  IN = l S a  ;.: ..::t:, . . . . -. . . . 

.--... . 
. . .... 

F u i l  S c a l e  A i r s p e e d  180 Knots.  1.: .. :.'. ... :. 
... .. ; :  -. *.. ' * ' . I  

SET 79 
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F i p r e  12-09' A X .  L e f t  ChurdBending " e r a s  L e f t  Rotor L a t .  
Cyc l i c  -Degrees. IN = lSO. F u l l  S c a l e  Airspeed 

- .. 180 Knots. .. .. 

;cr 79 I 







180 Knots. 

6 2 2  



Cycl ic  -..Degrees. IN = 15O. F u l l  Sca le  Airspeed 
180 Knots. 

L 



L a t .  cyclic -~egrees. I* = lSO. Full Scale 
Airspeed 180 Knots. 

.L 

182 6 2 4 



D238-1000~-3 

I 
I Figure 12-097. L e f t  R o t o r  T h r u s t  C o e f f i c i e n t  Versus L e f t  R o t o r  

C o l l e c t i v e - D e g r e e s .  IN = lSO. Full Scale 
A i r s p e e d  180 K n o t s .  

I 
1 

I 

625 BWT 182 
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Figure 12-098. Left Rotor Power Coefficient Versus Left Rotor 
Collective -Degrees. IN = lSO. ~ u l l  scale 
Airspeed 180 i(nots. 
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." 
- 

.1 C 

.. 
- 

- - 

- - 
- -. - .. 
- .. 
- - 

- - 
-. - 

Normal Force C o e f f i c i e n t  V e r s u s  Lef t  
Rotor C o l l e c t i v e  -Degrees. IN = 15'. F u l l  S C ~  
Airspzed 180 Knots. 

, . *  . I ,  1 ' . I  ! ' I  . . 



Rotor Collective -Degrees. IN = 1 5 O .  Full 
Scale Airspeed 180 Knots. 

6 2 8  









Figure l2-104. Right Rotor Power Coefficient Versus Rj,ght Rotor 
Collective-Degrees. IN = l S O .  F u l l  Scale , . 

-- . Airspeed 180 Knots. 
.- ~ -- ... 

I 81 SET 01 
182 632 BVWT 182 
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F i g u r e  l2-107.  R i g h t  Rotor  P i t c h i n g  Moment C o e f f i c i e n t  V a s u s  
A .. . R i g h t  Rotor  C o l l e c t i v e - D e g r e e s .  IN = 15' 

. F u l l  S c a l e  A i r s p e e d  130 Knots .  
. . -TT.T: z : F - v . F  3-.. 

;: t .  :. . 1 ji.;;: ,..-.I... ::: ..::r-.:. ,.. .I: :.. I- 
. 4 . -  .- .,-- .-.. .-- 

635  SET B l  
BVWT 182 





. . . ,. - 
- -  ~ i g u r e  1 2 - 1 0 9 .  A i r c r a f t  L i f t  C o e f f i c i e n t  V e r s u s  L e f t  R o t o r  

- . . .  ... j;-. -i 
. ,... . . ,-.- - C o l l e c t i v e  D e g r e e s .  - IN = 1 5 O .  F u l l  S c a l e  - ...: I.-< .-,.. ,--. - A i r s p e e d  180 K n o t s .  -. . - .- ! / 

637  BVUT 182 



F i g u r e  1 2 - 1 1 0 .  A i r c r a f t  S ide  Force C o e f f i c i e n t  V e r s u s  L e f t  
R o t o r  C o l l e c t i v e  - D e g r e e s .  IN = 1 5 O .  F u l l  
Scale A i r s p e e d  180 K n o t s .  

. ,^*' .' " ' " "." " tf.-: ..: *. " " 4.-.. '. ' - . ' - -. .. . . . . . .*- . ,. .I  .., . . I  1 . .  . I .  : . I . : .  .,.. 1 . . A  1. . 8 . * - t ! 
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3-- 
Figure 1 2 - 1 1 1 .  A i r c r a f t  Ax ia l  Force Coeff ic ient  Versus Left  f I--.-- -- - -1 

I 
Rotor Col lec t ive  -Degrees. IN = 15' .  Full I ? - 

I Scale Airspeed 180 Knots. 
7-1 
4.- .~ 

.. , . . , , , . . . - . . . . . - - . . . . 
+ - j - 1 . 1  . - 

; . . . , .. t.. :- -. .. - . --- -*-- I 
1 

Fr 8 1  1 SET Bi 
1 182 6 3 9  
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F i g u r e  12-115. Ilt. L e f t  Chord Bending Versus  L e f t  Ro tor  
C o l l e c t i v e  -Degrees .  IN = 15'. Full S c a l e  t 
A i r s p e e d  180 Knots. 





-+ 
F i g u r e  1 2 - 1 1 7 .  112. L e f t  P i t c h  L i n k  Load V e r s u s  L e f t  R o t o r  

C o l l e c t i v e  - D e g r e e s .  IN = 1 5 ' .  F u l l  S c a l e  
A i r s p e e d  180 K n o t s .  :: i " -1 , 

C 



Figure 12-118. A l t .  Right Chord Bending Versus Right  Rotor 
C o l l e c t i v e  - ~ e g r e e s .  I~ = 15O. a u l l  S c a l e  
Airspeed 180 Knots. 

: :: . : .  

646 8MlT 182 





1 1 
! 
P I 

, . - , , 
I ~ 2 3 8 - 1 0 0 0 0 - 3  

Airspeed 180 K n o t s -  

C 



Angle --Degrees. IN = 15'. Full Scale Airspeed -& ; - I  : _ i  
180 Knots. , . -7--- . - 1  





D238-10000 .  ; 
I 

F l a p  A n g l e  - D e g r e e s .  IN = 15'. F u l l  Scale 
A i r s p e e d  180 Knots. 





Figure  l.2-"5. L e f t  Rotor P i t c h i n g  Moment C o e f f i c i e n t  V e r s u s  
., . . .. . 

.. '11 L e f t  F l a p  Angle-Degrees .  IN = 15'.  F u l l  S c a l e  

. - 

... Airspeed 180 Knots.  



:.: : .I 
7-- F i g u r e  1 2 - 1 2 6 .  Left R o t o r  Y a w i n g  Moment C o e f f i c i e n t  V e r s u s  

.. . I . .  
Left Flap A n g l e  - - D e g r e e s .  IN = 15'. F u l l  ..-. - .. . 

. . - 8 .  . - .. -- 
, , . , * , , , 

. ... . . I :  - .. 
S c a l e  A i r s p e e d  180 Knots. .- .. . ... , . . 

. .  . . . ,-. .T-I T- l-.Lt--. - --C- --. . .-.. *--. ..-, .- *. .. . .- ..^ --.. ., . -- 

6 5 4  BWT 182 



Flap Angle -Degrees. IN = 15'.  Full Scale 
Airspeed 180 Knots. 



D238-10000-3 

lgure 1 2 - 1 2 8 .  Right Rotor Power  C o e f f i c i e n t  V e r s u s  Right 
F l a p  A n g l e  - D e g r e e s .  IN = I s0 .  F u l l  Scale 
A i r s p e e d  180 Knots. 
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+- Figure 12-129. R i g h t  Rotor Normal Force Coef f i c i en t  Versus 
I - -  . Right Flap  Angle-Degrees. IN = 15'. F u l l  
I .  

i- Scale  Airspeed 180 Knots. 





F i g u r e  12-131. Right Xo to r  P i t c h i n g  Moment C o e f f i c i e n t  V e r s u s  
Right F l a p  A n g l e - D e g r e e s .  IN = ljO. F u l l  
S c a l e  A i r s p e e d  180 Kno t s .  

, . 





pi Figure  12-"3. A i r c r a f t  L i f i  Coef f ' . c i ent  Versus L e f t  Flap 
Angle -Degrees .  IN = l S O .  F u l l  S c a l e  Airspeed 

---- 180 Knots. I 



I I + ' !  -+--- 

i . i - v + i  i . 4  i - 1  -:+j--{-- -. .-:- I --.-I- --.-- i-- -- + -.-.++LA- 

1 I . ,  j---&++k i i .  ++-j+-I 1 ,  . , . 1 . .  . t ' 1  ; ' I : ! ' !  . . . , .: i 

F t g u r e  12-134. A i r c r a f t  S i d e  F o r c e  C o e f f i c i e n t  Versus  L e f t  +- 1 
Fiap Angle -1 ,egrees .  IN = 15'. F u l l  Scale 

i A i r s p e e d  180 Knots.  p-j 
. . .- 

82 I &L - 
FB2 

SET 82 
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7 - ~ .  , . .~ - - , - ,  . . . , . , -  . . - ,  , . . - t~ F i g u r e  ""5. A i r c r a £ t  A x i a l  F o r c e  C o e f f i c i e n '  Versus  L e e  Flap f 
Angle -Degrees .  IN = is0. F u l l  S c a l e  A i r s p e e d  ! i i i  

. 180 Knots .  i - - 1 

I* , . . . ,  , . 

I 
I 

SET B2 
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/ - - Y - ~  / Figure  12 -137. A i r c r a f t  Yawing Moment C o e f f i c i e n t  Versus L e f t  I 

- - j  
Flap  Angle-Degrees.  IN = 15'. F u l l  S c a l e  -i 

Airspeed 180 Knots. -. 





- . , 
. . .  F i g u r e  12-139.  A l t .  L e f t  Chord Bending V e r s u s  L e f t  F l a p  A r . g l e  1 . . ,  

. . 
.. ., . - D e g r e e s .  IN = 15'. F u l l  Scale A i r s p e e d  150 - 

Knots. -. -. 

I SET 82 



I- .  Figure 12-140. Alt. Left Flap Bending Versus Left Flap Angle 
-Degrees. IN = 15O. Fcll Scale Airspeed 180 
Knots. 



' 1 : :  + Figure 12-141. A l t .  L e f t  P i t c h  Link L o a d  Versus Left F l a p  . I -  ,.. . . -- . .. . . A n g l e - D e g r e e s .  IN = l S O .  F u l l  S c a l e  A i r s p e e d  
. . 

4 .  - 
4 .. . ., - 180 Knots.  .. . 

SET 82 
BVWT 182 



D238-1 G000-3 

Knots. 





1 
i 

1 
I 

, -, 
< - 
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Figure 12-146. Left Rotor Power Coefficient Versus Rotor RPM. 
IN = 15'. F u l l  Scale Airspeed 180 Knots. 

I . ! . !  1 ,  I 1  , I . .  I .  I I ! I  I I . l . l . 1 . l  
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SCT 83 
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. .,.. 
Figure 12-148. Left R o t o r  Side Force C o e f f i c i e n t  Versus R o t o r  + - .  ,.-. 

RPM. IE = 15'. Full Scale Airspeed 180 Knots. . - -- . .- ,. 
- ,  - 

.>. ,_!.ii:: :: .... . * a .  -.. . 
, , 

. . . . , . . . . * : :  * - . 4 2 -  - , : -  . . . . . . . . .  . . . . . , . - .... .... ... . . . - .  - - - I ..'. . ...., .. . , .. .. . . . . ... . 
1 





I f 1 , . I  I .  1 , , I  3 1  . r  , . . I  . . . I  I . .  . r .... - . . I .  ,.--.,........, ... , I . I  +. ) ... - &  - - - .  .., , 

.- -. . L Figure 12-151. R i s h t  Rotor Thrust Coefficient Versus Rotor RPN. 

I s IN = lSO. Full Scale Airspeed 180 Knots. 



I F i g u r e  1 2 - 1 5 2 .  R i g h t  R o t o r  Power Coefficient Versus Rotor RPM. 
I- IN = 15O.  Full Scale Airspeed 1.80 Knots. 
1- 





*.-- . 
figure 12-153. Right Rotor Normal Force Coefficient Versus Rotor 1 1 

I RPM. IN = I s 0 .  Full Scale Airspeed 180 Knots. - -1 
1 ' 1 . 1  t I , . . . t , , , . j , . , . , , 3 t -  i 
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;i;u;e, 1:-:54-! R i r h t  :tor S i d e  Force C o e f f i c i e n t  V e r s u s  R o t o r  .-: .! . 
.. . .. 
*.. I.. RPM . = 15O. F u l l  S c a l e  A i r s p e e d  180 Knot s .  

(--_ --- 
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Rotor RPM. IN = 15' .  F u l l  Scale Airspeed 180 
Knots. 



F i g u r e  12-156. R igh t  Rotor  Yawing Moment C o e f f i c i e n t  Versus Rotor  
..... .. RPM. IN = 15'. F u l l  S c a l e  A i r speed  180 Knots.  

. . 4  .. ... L ... . - .A  ... .*.. -4 - *  .*.a .&.. 
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1-7 F i g u r e  12-157. A i r c r a f t  L i f t  C o e f f i c i e n t  Versus R o t o r  RPM. 
IN = 15O. Full S c a l e  A i r s p e e d  1 8 0  K n o t s .  - 



.- - - 
F i g u r e  12-158. Aircraft S i d e  F o r c e  C o e f f i c i e n t  V e r s u s  R o t o r  RPM. - 7 1  - 

-- - IN = 1 5 O .  F u l l  S c a l e  A i r s p e e d  1 8 0  Kno t s .  7 j : { ! ] , j : ] :  1 + 
83 SET 83 

FB2 BVWT 182 
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I 

I-- Figure 12-160. Aircra f t  Pitching Moment Coeff ic ient  Versus Rotor 
RPM. IN = 15'. Full Scale Airspeed 180 Knots. 
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) ; Figure 12-162. A i r c r a f t  Y a w i n g  M o m e n t  C c e f f i c i e n t  V e r s u s  R o t o r  

F -  RPM. IN = 1 5 O .  F u l l  Scale A i r s p e e d  180 K n o t s .  
. 

- .: 
., .--T-.-,:.-r.--. ....T -y7 .-:- -I- . -  

: ! 1 . :  1 - 1 .  . . 
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Figure 12-163. A l t .  Left C h o r d  Bending V e r s u s  R o t o r  RPM. 

.... t 
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IN = 1 5 O .  Full Scale A~rspeed 180 Knots. -k.: I .. -1 
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F i g u r e  12-165. A l t .  Left P i t c h  Link Load V e r s u s  Rotor RPM. 
IN = lSO. F u l l  Scale Airspeed 180 K n o t s .  

SET 83  
BUWT 182 



= 1 5 0 .  ~ u l l  Scale Airspeed 180 Knots. 
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C F i g u r e  12-168. Alt. Right P i t c h  Link Load Versus Rotor RPM. 
I I 

1.. -. IN = 15O. F111 Scale Airspeed 180 Kno t s .  !_LI 
I "  I 


